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WARRANTY 


The HAL Communications Corp. MCEM-8080 Microcomputer System is fully 
guaranteed against defects in materials and workmanship for a period 
of one year. Should repair or replacement parts be required, notify 
HAL Communications Corp. promptly. Please do not return your unit to 


the factory for repair or adjustment until you have received a written 
return authorization. 


HAL Communications assumes no responsibility for the repair or replace- 
ment of parts or units which have been damaged, abused, improperly 
installed, or modified and reserves the right to change the design of 
this equipment without tncurring obligation to incorporate such changes 
into existing units. Operation of this equipment with improper power 


supply voltages (as described in this manual) will invalidate the 
Warranty. 
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Copyright © 1976 by HAL Communications Corp., Urbana, [llinois. Printed 
in the United States of America. All rights reserved. Contents of this 


publication may not be reproduced tn any form without the written permis- 
sion of the copyright owner. 


April, 1976 Printing 
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INTRODUCTION 


The HAL MCEM-8080 Microcomputer System is a single printed-circuit 
board computer that can be used for program development or for specific 
control applications. The MCEM-8080 is designed around the Intel 8080A 
single chip, 8-bit, N-channel microprocessor integrated circuit. The 
MCEM-8080 printed circuit board contains the microprocessor IC,-its timing 
and control circuitry, both Read Only Memory (ROM) and Random Access 
Memory (RAM) integrated circuitry, and timing and control for Input / Out- 
put (1/0) interfacing. Other accessories such as additional RAM, Keyboard/ 
Video Display unit, tape cassette memory, and power supplies can be used 
with the basic MCEM circuit board. This manual discusses ONLY the basic 
MCEM-8080 board - the operation of the accessories is discussed in separate 
manuals furnished with each unit. 


The MCEM-8080A Microcomputer System manual is actually supplied in 
two publications: this MCEM-8080 Operating Manual, and the Intel 8080 
Microcomputer Systems User's Manual. Specific operating instructions 
and specifications pertaining to the HAL Communications Corp. MCEM-8080 
system are discussed in the MCEM-8080 Operating Manual. General information 
relating to the 8080A and associated integrated circuits is discussed in 
detail in the Intel 8080 Microcomputer Systems User's Manual ( © Intel 


Corporation). When pertinent, references are made in the operating manual © 
to the detailed discussions in the Intel manual. These references are given 


in the form: ‘Intel; pp A-xx to A-yy''. In addition, a copy of the 


Intel 8080 Assembly Language Reference Card (© Intel Corporation) is 
furnished with the MCEM-8080 Microcomputer System to aid in program develop- 


ment. , 


- Figure 1.1 MCEM-8080 Microcomputer System _ 


l, System COMPONENTS 


The HAL MCEM-8080 Microcomputer System contains the following basic 
and optional components: 


1.1 8080A Microprocessor 


The 8080A is an eight bit microprocessor integrated circuit with 
an instruction repertoire of 73 instructions. The execution time of 
these instructions varies from 2.0 usec. to 9.0 usec. The 8080A integrated 
circuit itself contains all of the circuitry required to address the memory, 
address Input / Output (1/0) devices, and manipulate data. A more detailed 
discussion of the 8080A will be found in pages 2-1 to 2-20 of the Intel 
manual (Intel; pp 2-1 to 2-20). 


1.2 Processor Control Circuitry 


Two additional integrated circuits are used in conjunction with the 
8080A to provide all of the timing and control signals for the micro-: 
processor system. These are the 8228 Bus Controller IC and the 8224 Clock 
Generator IC. 


1.2.1 8228 Bus Controller (Intel; pp 5-7 to 5-12) 


A type 8228 integrated circuit is used to decode signals from the 
8080A and generate the required bus control signals. This device also 
buffers the 8080A data bus signals and will support a single vector 
interrupt (RST 7). 


1.2.2 8224 Clock Generator (Intel; pp 5-1 to 5-6) 


A type 8224 integrated circuit generates all system timing signals. 
An 18 MHz crystal is used with the device to generate the 2.0 MHz processor 
timing signals, power-on reset signal and ready line synchronization pulses. 


1.3 Random Access Memory 


The standard MCEM circuit board is provided with 1024 bytes of Random 
Access Memory (RAM). This memory can be used by the user's programs, but 
the lower 64 bytes are required for the software monitor program. Additional 
circuit board space is provided so that an additional 1024 bytes (''IlK'') of 
RAM can be installed on the MCEM board (factory installation is recommended). 
All RAM integrated circuits should be type 8102A-4, a device featuring an 
access time of 450 nsec. or less. Slower RAM devices should NOT be used as 
they may cause improper operation of the system. Further information on the 
8102A-4 is found on pages 5-79 through 5-82 of the Intel manual (Intel; 
pp 5-79 to 5-82). 


Within the processor.memory space, the standard ''lK'' bytes of RAM 
occupy locations between O and 1023 (0 - 3FF - Hex). The second (optional) 
"TK'' bytes of RAM occupy locations between 1024 and 2047 (400 H.- 7FF H). 
The software monitor uses RAM locations between 0 and 63 (0 - 3F H). 
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1.4 Read Only Memory 


The MCEM system is provided with sufficient circuit board space for 
4096 bytes of EPROM (Erasable Programmable Read Only Memory) or 2048 bytes 
of bi-polar PROM (Programmable Read Only Memory - NOT erasable). The 
device selection is made by selection of the proper circuit board jumpers. 
Four socket locations are provided for the ROM - all four must be of the 
Same type (EPROM or PROM). The ROM occupies consecutive memory locations, 
Starting at 32,768 (8000 H). | | 


1.4.1 EPROM 


Either a type 8708 or 8704 EPROM integrated circuit (Intel; pp 5-45 to 
5-50) can be used on the MCEM board. The 8708 is a 1024 x 8 device and 
the 8704 is a 512 x 8 device. Refer to Appendix A for proper jumper place- 
ment. 


1.4.2 PROM 


Type 3624 PROM integrated circuits can be used on the MCEM. This IC 
is the standard device furnished with the MCEM. The 3624 is a bi-polar 
PROM with a 512 x 8 organization. Up to four 3624's can be used on the 
MCEM-8080 circuit board. NOTE: Production MCEM-8080 circuit boards are 
jumpered for use of this device on the circuit board. If it is desired 
to use other devices, refer to Appendix A for details. 


1.4.3 ROM 


A type 8308 ROM integrated circuit ‘intele pp 5- 59 & 5- 60) can also be 
used in the HAL MCEM-8080. This is a mask- programmed version of the 8708. 
Refer to Appendix A for jumper details. . 


1.4.4 Monitor. Software ROM 


| The HAL software monitor can be resident in either 2-3624, 1-8708, or 
1-83Q8 ROM integrated circuits. Either 2-3624 or 1-8308 ROM is standard 
with the MCEM. The monitor software is 1024 bytes in length and begins at 
location 32, 768 (8000 H). 


1.5 Serial papte / Output (1/0) 


The standard MCEM-8080 provides for either synchronous or asynchronous 
serial data interface. The software monitor supports asynchronous sertal 
1/0 in either Baudot (5- ce or ASCII (8-unit) codes. 


1.5.1 8251 USART 


A pune 8251 integrated circuit (Intel; pp 5-135 to 5-146) Universal 
Synchronous/Asynchronous Receiver/Transmitter (USART) is used to input and 
output serial data. This device is fully programmable and is controlled by 
the processor.-. Parallel-to-serial and serial-to-parallel conversions as 
well as word length selection and parity are controlled by the 8251. — 


1.5.2 Serial Timing Oscillator 


A type 555 integrated circuit timer is used to generate the serial 
data baud rate. The data rate is screw-driver adjustable on the circuit 
board. The actual 555 clock frequency is 4 times the baud rate in ASCII 
mode and 16 times the baud rate in Baudot mode. | 


1.5.3 EIA - RS-232C Data Interface 
Two operational amplifiers (both halves of a type 1458 IC) are used 


as RS-232 drivers and receivers. The serial output of the 8251 USART is 
directly converted to a + 5 volt signal, with -5 volts representing the 


''mark'' signal condition and +5 volts as ''space''. The output impedance 
of the circuit is approximately 400 ohms. For input data, an operational 
amplifier is used as a sense amplifier and level converter. Input voltages 


greater than +].0 volts are interpreted to be in the ''space'' condition and 
those less than +]1.0 volts as ''mark''. The input impedance is approximately 
2700 ohms. This input will properly sense TTL-level signals, as well as 
EIA - RS-232C signals. 


1.5.4 Current Loop Interface 


Current loop signals with either 20 or 60 ma mark currents can also 
be connected to the MCEM-8080. Two optical isolator integrated circuits 
are used to convert between the floating current loop circuit and the 
RS-232 levels. These sensors are separated so that one can be used for 
data input and the other for output (separate current loops - ''full- 
duplex'' operation). The two circuits can also be series connected to 
provide both data input and output on a single current loop circuit 
('half-duplex'' operation). 


1.6 Parallel Data Input / Output 


A type 8255 integrated circuit (Intel; pp 5-113 to 5-133) is provided 
to allow parallel data interfacing. This device, called the ''Programmable 
Peripheral Interface’', consists of three buffered 8-bit parallel data ports. 
The software monitor utilizes the 8255 for parallel 1/0 operations. 


1.7. Bus Indicators and Control 

A number of indicators (small LEDs - Light Emitting Diodes) and switches 
are installed along the front edge of the MCEM-8080 circuit board to permit 
evaluation and control of the processor operation. 
1.7.1 Address Indicators 

The entire 16 bits of the 8080 address bus are displayed on 16 LEDs. 


The lamps are grouped in four-lamp clusters, four clusters total. Each 
group of four lamps represents a single hexadecimal (HEX) character, O through 


FL An illuminated lamp indicates a logic ''l'' condition. Within a four-lamp 


cluster, the least significant bit (LSB) is represented by the right-hand 


lamp. Similarly, the right-hand cluster of four lamps represents the least 
significant hexidecimal character. . , 


1.7.2 Data Indication 


Eight lamps (in two four-lamp clusters) are used to indicate the 
state of the processor data bus. These lamps are immediately to the left 
of the address lamps. As before, the right-hand lamp represents the LSB 
and an illuminated lamp represents a logical ''l'' for that bit. | 


1.7.3 Bus Control Indication 


| The four lamps on the extreme left end of the circuit board indicate 
the state of the 1/0 Read, I/0 Write, Memory Read, and Memory Write (left- 
to-right order) signals from the processor. An illuminated lamp indicates 
which of these operations is active. A complete description of the function 
of these signals is found in the Intel manual (Intel; pp 5-7 to 5-12). 


1.7.4 Manual Data Switches 


Immediately in front of the eight data lamps are located two, four- 
section miniature switches. The switches provide manual control of the 
contents of the data bus. These switches can be used to enter data only 
when the Data Bus Override (DBO) switch (to the right of the data switches) 
is in the ON position. The data switch settings at any other time does 
not affect the processor. The switches are arranged in the same manner as 
the lamps, LSB to the right. 


1.7.5 Run / Stop Switch 


A miniature toggle switch on the right-hand section of the board 
(labeled RUN - STOP) allows manual control of the 8080A Ready line. When 
this switch is set to the RUN position, the processor will continue to 
operate (unless halted by the program or some other control). When in the 
STOP position, the processor is halted and only the manual STEP and RESET 
SWEEcnes will cause processor Cee 


cd. vs 6 Reset Swit ely 


The far ‘igheshend push-button switch (labeled RESET) is a momentary 
contact type that can be used to manually reset the 8080A. A reset operation 
causes the program counter to set to zero and the interrupt flip-flop to be - 
cleared. Processor execution commences at location 0000 when the reset switch 


_ iS released. Application of DC power supplies automatically issues a reset 
| Function. | | 


1.7.7 Single Step Switch 


| The STEP switch (located between the RUN - STOP and RESET switches) 
allows manual stepping of the computer, one MEMORY cycle at a time. This 
switch only functions when the processor has been halted by either the 

RUN - STOP switch or the break point register. It is important to remember 
_ that some instructions require more than one memory cycle and PNSEERONG more 
than one “Operatton of step switch to COMBUEes 
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1.7.8 Break Point Register Switches 


In the middle of the control area of the circuit board are located 
four, four-section miniature switches. These 16 switches form a. ''break 
point register''. Circuitry is provided to compare the value of this switch 
register with the address bus and cause the 8080A to stop operation if the 
two are equal. This function is similar to a programmable stop. Once the 
8080A is halted due to a break point ''match'', it can only be caused to 
continue running by either manual stepping with the STEP switch or by re- 
setting the break point switches to a new value. 


1.7.9 Memory Write and Output Write Switches 


Two momentary switches are located on the far left-hand side of the 
circuit board. These switches allow manual operation of memory or output 
functions. The MEMORY WRITE switch will cause a manual memory write function 
when depressed, overriding the normal bus control from the 8228 integrated 
circuit. Similarly, depression of the OUTPUT WRITE switch will cause an 
output write function, again overriding the normal control from the 8228. 


1.8 Connectors used on the MCEM-8080 


There are three connectors used on the basic MCEM-8080 circuit board. 
These connectors are used for 1/0 Interface, Power Input, and connection 


to the Universal Processor Bus. Mating connectors for each are furnished 
with the MCEM. 


1.8.1 1/0 Interface Connector 


Input / Output (1/0) connections to the MCEM are made through a 36 pin 
circuit board edge connector (0.156'' finger spacing, 18 pin double readout) 
located on the left edge of the board. All three parallel !/0 ports of the 
8255 are available on this connector as well as connections for serial data. 
The form of serial data to be used is selected with circuit board jumpers. 


1.8.2 Power Connector 


Power connections to the MCEM are made through the 12 pin edge 
connector (0.156'' finger spacing 6 pin double readout) located in the 
upper right-hand corner of the circuit board. The MCEM requires + 12 volt 

and +5 volt power supplies. 7 . 


1.8.3 Universal Processor Bus Connector 


Direct connection to the computer address, data, and control lines 
can be made through the 40 pin Universal Processor Bus (UPB) connector 
located in the lower right-hand corner of the board. A mating connector 
and attached ribbon cable are supplied for use of this feature. Connection 
of options such as additional memory and the Keyboard/Video Display unit 
is made through the UPB connector. 


2, INSTALLATION OF THE MCEM-8080 


2.1 Initial Inspection 


Upon receipt of the MCEM-8080, unpack the circuit board and accessories 
and inspect them for evidence of shipping damage. If evidence of shipping 
damage is found, contact the carrier immediately. Before discarding the 
packing material, check that all parts and accessories are accounted for. 

If any are missing, please notify the factory or distributor in writing. 
The following parts and accessories are furnished with the MCEM-8080: 


Accessories and Parts: 


1 - 40 pin Universal Processor Bus (UPB) connector with 2 ft. 
of ribbon cable attached. 

- 36 pin edge connector 

- 12 pin edge connector 

MCEM Operating Manual 

- Intel 8080 Microcomputer System User's enue’ 

- Intel 8080 Assembly Language Reference Card 
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2.2 Connection of Serial Input / Output Devices. 


The MCEM-8080 standard circuitry and software will support serial 1/0 
(Input/Output) operations in either the 7-unit ASCII code OR the 5-unit 
Baudot code at a variety of baud rates. The code to be used is selected 
with circuit board jumpers. The MCEM-8080 is usually factory connected 
for the ASCII code. : 


2.2.1 ASCII Serial 1/0 Operation 


The ASCII mode is selected by strapping pin 22 (DSR) of the 825] 
(circuit number 15, left edge of board) to ground (see Appendix B). In 


ASCII mode, all serial communications is performed with a 7~bit ASCII 
format. This format is: 


} - start bit (space) 

/ - data bits a. 

1 - parity bit (set to space) 
2-- stop bits (mark) 


dlo-.) bits per character 


. The serial baud rate timing is screw driver adjustable from 100 to 
600 baud. The unit is factory adjusted for 300 baud (30 characters per 
second). As noted in section 1.5.2, the 555 timer is set to 16 times the 
output baud rate (eg., 16 x 300 = 4800 Hz for 300 baud). Table 2.1 contains 
a list of the ASCII character set used and their corresponding hexadecimal 


values. Common ASCII baud rates and the corresponding oscillator frequencies 
and periods are listed in Table 2.3. 


4 Least Significant Bits 


mom wor wo wom nn wm H YW bP 


Table 2. 


] 


ASCII Character Code 


3 Most Significant Bits 


p ] 2 3 
NUL DLE SPACE p 
SOH DCI | ] 
STX DC2 C 2 
ETX DC3 # 3 
EOT DC4 S h 
ENQ NAK yA 5 
ACK SYN & 6 
BEL ETB 7 
BS | CAN ( 8 
HT EM ) 9 
LP SUB * 

VT ESC + : 
FF FS ; < 
CR GS = = 
SO RS > 
S| US / ? 
acknowledge FS 
bell GS 
backspace HT 
cance] LF 
carriage return NAK 
device control |] NUL 
device control 2 RS 
device control 3 RUB 
device control 4 7 OUT 
data link escape S| 
end of medium SO 
WRU = enquiry SOH 
end of transmission STX 
escape SUB 
end of transmission block SYN 
end of text US 
_ form feed VT 
Mark = logical | 
Data is transmitted 
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xc Se TFT mM Oo MS on Fr Oo 
s~— OO TU “ 


> OQ +t Oo 
= 


> SF maeN <~ M EH KH CAH He DO DWM 


—_ s mr nK G@ 


© 
O 


file separator 

group separator 
horizontal tabulation 
line feed 

negative acknowledge 
nul | | 

record separator 
delete (= DEL) 

shift in 

shift out 

Start of heading 
start of text 
substitute 
synchronous idle 
unit separator 
vertical tabulation 


Hell 


tout od il tow tl 


toil 


Holl 


iI 


LSB first. 


4 Least Significant Bits 


LF 


Table 2.2 Baudot Character Code 


Most Significant Bit (1) 


Letters Figures 

p ] D ] 
D BLANK T BLANK 5 
l E Z 3 + 
2 LF L LF ) 
3 A W = 2 
h SPACE H SPACE # 
5 S Y 6 
6 | P ) 
7 u Q | 
8 CR 0 CR 9 
9 D B S ? 
A R G 4 & 
B J FIG BEL FIG 
C N M , 
D F ; 
E c V = 
F K LTR ( LTR 
BEL = bell (or *) 
BLANK = blank (non print or space) 
CR = carriage return 
FIG = figures case 
LTR = letters case 

: = line feed 

Mark = logical 1 


_ Data is transmitted, LSB first. 
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circuit board. THE MCEM-8080 CAN BE DAMAGED IF THE |/0 CONNECTOR IS 
REVERSED (particularly if connected to high-voltage current loop circuits). 


2.6 Universal Processor Bus Connector Soe Mend um re 


The processor bus of the 8080A can be extended with a 40 conductor 
ribbon cable attached to the Universal Processor Bus (UPB) connector. 
The total length of this cable should not exceed 24 inches. The total 
external loads should not exceed three standard TTL loads on the address 
and control lines and 5, LOW CURRENT, bus receiver loads on the data lines. 
The connections to the UPB connector are shown in Table 2.6. 


Table 2.6 Universal Processor Bus Connections 


Pin Function Pin Function Pin Function 
1 Al2 15 AN 29 
2 +412 a 16 MEMR 30 (Ne) 
3 Alp | 17 AB ants 
ho 45 18 TOR | 32 ~~ Locating Key 
5 AB 19 AS 33. sD 
6 Ground 29 «Tow! 34 DBA 
7 Ab 21. AT 35° DBI 
8 Ground _ 22 RESET 36 DBS 
9 Ap 23 37 sé 
19 $2 (TTL) | 24 = RDY a 38 DB6 
1] A2 | 25 OAN | 39s 
12 (NC) | 260 (NC) BO 
13. AL | 27) ANB 
WERT (nc) 


Note: Connections with the (NC) designator may have a function assigned 
but not connected on the factory standard units. 


3, OPERATION OF THE MCEM-8080 


3.1 Software Monitor 


The software monitor supplied with the MCEM-8080 properly interfaces 
the serial 1/0 port, the parallel 1/0 ports, the keyboard display option, 
or other user-defined 1/0 devices. The monitor allows the user to perform 


the following operations. These commands are entered from the console. 


3.1.1 Load hex (hexidecimal) files. 


Large files can be loaded into the MCEM-8080 RAM from the reader device 
by using the following format: 


16 0030 OH 3657...... 23 8E 


SUMCHECK 

DATA FIELD” 
RECORD TYPE 
LOAD ADDRESS 
RECORD LENGTH 
COLON 


COLON: All records must start with a COLON character. Any 
characters preceding the COLON are ignored. 


RECORD LENGTH: The number of load bytes in the data field is 
specified as a number between $f and FF (@ to 255). 
This is a hexadecimal number and is either two characters 
long or a single character followed by a comma 


(i.e., £7 = 7,). If a zero length record is entered, 
the load is terminated and control is restored to the 
monitor. 


LOAD ADDRESS: The memory location into which the first byte of 
the data field will be written is specified here. 
Successive bytes in the data field will be written into 
successively higher memory locations. This number is 
either four characters long or less if terminated with 
a comma (i.e., 032E = 32E,). 


RECORD TYPE: The record type is specified here. With the present 
version of the monitor (Version 1.1), all. records are 
of type zero (enter 66). 7 


DATA FIELD: The actual data to be written into memory is specified 
| here. These are two character hex bytes and each pair of 
characters is converted to eight bits to be loaded into 
- memory. | pe 7 


SUMCHECK: This hex byte represents the negative sum of all bytes 
(the load address is two bytes) in the record. The 
SUMCHECK value is such that, when modulo 256 is added to 
all of the other bytes of the record, the total will] equal 
zero. This is a validity check on the record. If the 
SUMCHECK fails, an ''X'' will be printed on the serial 


output device. However, the data will] still be loaded 
if the SUMCHECK fails. 


The format used to specify a load file is: 


kk By 
Dicenexcobentac Return (CR) ~ 
Load offset (added to the load address 
portion of the hex records to load memory 
other than that specified, up to four 
hex characters, $660 - FFFF) 


L tndtcates load 


Prompting period issued by the monitor 


After receiving this command, the monitor will begin searching for 
the first colon. 


3.1.2 Dump or Display 


The contents of memory can be dumped (or displayed) by specifying the 
range to be dumped. The output generated is compatible with the load 
command so that memory areas can first be dumped and then loaded. The 
format of the idump is in a number of hex records (of maximum length = 
18 H) until the entire range is depleted. For clarity, spaces are 
inserted between the various bytes but the monitor ignores Spaces on 
input so that the dumped file is compatible with the load file routine. 
The dumped file is sent to the punch device. The command format is: 


D300 , 4po } _ | . 


Lo 


Carriage Return (CR) 

First undumped byte | 

Comma separator 

First dumped byte 

D (Dump) command 

Monitor prompting period 

This example command will cause display of all memory contents 


between locations 360 H to 496 H - 1 as 16, 16 byte records. A zero 
length record ts always added at the end. 


3.1.3 Insert Memory Data 


Individual locations in memory can be modified by using this command. 
The command format is: 


| 82E } 


S ccmmsctavetans Return (CR) 
Starting memory address 
| (Insert) command : 
Monitor prompting period 


The output generated is of the following format: 


82E = 27 


Present memory contents 
Equals sign 
Space character 


Address 


After this has been output, a comma is typed followed by a new byte 
and when done, written into memory. If it is desired to leave the memory 
location unchanged, any non-comma character can be typed. After the new 
data has been entered, the address is incremented and displayed again. 
For example, consider: : | 


. | 82E (Insert memory command, generated by user) 


y LE 
[re or data (entered by user) 
Comma (entered by user) 


Response by computer 


82E 27 


82F = 87 (Computer response indicating contents of 
| next location) : 


If any character between ''G" and ''Z'' is typed instead of a hex - 
character, control returns to the monitor. 


3.1.4 JUMP Command 
Program control can be transferred to a specific location through the 


JUMP command. This command can be used to ''jump!! to a user program or 
subroutine. The format for this command: 


. J 23 >} 


| ee ee Return (CR) 


Destination address 
JUMP command 


Prompting period issued by monitor 
3.1.5 RETURN command 


Program control can be transferred to a specific location and the 
CPU registers restored to a predetermined value by executing a RETURN 
command. The format of this command is: 


R 283 } 


a Return (CR) 


Destination address 
RETURN command | 


Prompting period itssued by monitor 


Twelve register values are restored by this command including: 


Register Stored at 
Memory Location 

B 3/ 

C 36 

D 35 

E 34 

A (Accumulator) | 33 

PSW (Processor Status Word) 32 

H 3) 

L 30 

oe (PCH (high order program counter) ZF 
PCL (low order program counter) 2E . 
ep (SPH (high order stack pointer) i 2D 

‘SPL (low order stack pointer) Ze 


The initial value (to be restored) of these registers can be set by © 
using an | (Insert) command to the memory location used for storage. 
These locations are shown in the above list. Note that, during the 
process of restoring the registers, the stack area indicated by SP 
(SPH & SPL) is used as temporary storage and therefore SP should contain 
a valid RAM address. If the destination address specified in ate command 
is zero, the He Serna ston is taken from the storage area. 


3.1.6 STOP command 


A STOP command can be initiated at any time at which the monitor is 
expecting a control character by typing an ''S''. (or any other letter between 
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"G'" and 'Z''). As explained in section 3.1.4, this will cause the command 
to be aborted and control ts returned to the monitor. The monitor wil] 
then issue a new prompting period. 


3.1.7 EXIT command 


An exit from a program to the monitor can be executed by entering 
a RST 7 instruction or a CALL 38 H. The monitor, upon turn-on, establishes 
an entry at 38 H from which it saves ALL CPU registers and status. This 
command is intended to permit the examination of all CPU registers and 
status while in the process of executing a program. The RST 7 instruction 
saves the PC (Program Counter) on the stack and jumps to location 38 H. 
From here, it jumps to a routine within the monitor which copies all 
registers into a special RAM area. When finished, the address of the 
initial RST 7 instruction is typed out as: | 


EXIT 232E (hexadecimal) 


A prompting period is then issued by the monitor. At this point, the 
| (Insert) command can be used to examine and/or change individual registers. 


The memory location used to store the register values is listed under the 
RETURN command. 


The most valuable use of the exit command is accomplished by inserting 
a RST 7 (OFF H) instruction in the program sequence being de-bugged and an 
automatic exit will be executed. The RETURN command can be used to return 
to the program sequence. An interrupt will also cause the exit command to 
be executed since a RST 7 is used as the interrupt vector. 


3.2 Monitor Subroutines 


Several general purpose Subroutines are included in the software 
monitor. Some of these Subroutines are: 


3.2.1 BEGIN (address 82668 H) 


This subroutine allows general entrance to the monitor mode. It 
initializes all parameters and the USART. 


3.2.2 Cl (Console Input - address 8663 H) 


Cl is a console input routine that will return an ASCII! character 
(standard serial 1/0) from the console control device and place the 
ASCII code in the A register. The contents of the A and PSW registers 
are modified. Three levels of the stack are used by this operation. 


3.2.3 RI (address 8606 H) 
This routine is the same as the CI routine except that the character 


is originated by the reader input device instead of by the console. 
ee ASCII Mae is standard. 
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3.2.4 CO (address 8689 H) 


This subroutine causes an ASCII character in the C register to be 
output to the console device (serial I/0 is standard). The contents of 
the A and PSW registers are modified and three stack levels are used 
by this operation. 


3.2.5 PO (address 8$@C H) 


This routine is the same as the CO subroutine except that the ASCII 
character is output to the punch device (serial ASCII 1/0 is standard). 


3.2.6 LO (address 86$F H) 


This routine is also similar to the CO routine with the exception 
that the data is output to the list output device. As before, serial 
ASCII 1/0 is the standard code format. 


3.2.7 CSTS (address 8612 H) 


This is a console status request subroutine which evaluates the 
Status of the console input device and returns A = @ (zero value in the 
A register) or A = FF H if an input character is waiting. Since the Cl 
subroutine will only return if a character is input, a call to CSTS can 
be used to determine if a call to CI ts successful (will result in a 
character being input and returned). 


3.2.8  10CHK (address 86815 H) 
IOSET (address 86818 H) 


A single memory location in RAM is used to define the four input / 
output (1/0) devices. The logical devices available are: 


CONSOLE: Referenced by Cl, CO, CSTS 
READER: Referenced by RI 

PUNCH: Referenced by PO> 

LIST: Referenced by LO 


These logical devices can be ''assigned'' to any one of the following 
- physical devices: | 


Serial 1!/0: Uses the 825] USART 


Keyboard / Display: Optional MCEM-KB/VDU ebsites Display Unit 
Parallel 1/0: Uses the 8255 Programmable Peripheral Interface IC 


User Defined 1/0: 


—USRIN (address 46H): A user input subroutine which will 
return an ASCII character in the A register, similar in 
operation to the Cl subroutine. 


USROT (address 43, H): A user subroutine, similar in function 


to the CO subroutine, which will allow output to the user 1/0 
of an ASCII character in the C register. 
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USRST (address 46 H): A user status routine which returns 
A = § if USRIN will not return a character immediately and 
A = OFF H if USRIN will immediately return a character. 


Serial 1/0 data is processed through the 8251 USART integrated circuit 
and may be either serial Baudot (5-unit) code (DSR pin = ''l'') or serial 
ASCII (8-unit) code (DSR pin = ''''). In Baudot code, the code conversion 
to and from ASCII code is performed by the 1/0 subroutine and need not be 
done otherwise. For instance, if a call to CO is performed while the console 
is assigned to the serial 1/0, an ASCII character should always be present 
in the C register. The monitor routine checks the status of the DSR line 
and performs a code conversion if necessary. 


The Keyboard / Video Display Unit is a HAL Communications option 
available for the MCEM-8080. If a logical device is assigned to the Key- 
board / Video Display Unit, the monitor will automatically write the dis- 
play screen (output), read the keyboard (input), and check the keyboard 
Status. © = = 


Parallel 1/0 data is processed through the 8255 PP! integrated 
circuit. Port A of the 8255 is used for data output, Port B for input, 
and Port C for control. The seven-bit ASCII code (bit 8 = ''S'', space) 
is used for parallel 1/0. Mode 1 of the 8255 is used (Intel; p 5-123). 


The user defined 1/0 capability is provided so that the user can write 
his own 1/0 subroutines to service particular devices (such as an electrically 
controlled Selectric (© IBM) typewriter, etc.). The monitor automatically 
calls a set of routines which start at location 46 H (USRIN, USROT, and 
USRST) for user 1/0 applications. When the monitor requests a character 
(Cl, Rl), a call to 48H is executed. To output a character, a call to 
43H is executed; if the status of the I/0 device is needed, a call to 
46 H is executed. The routines in these locations should conform to the 
Cl, CO, and CSTS format. For example: 


Address: LO oH JMP INPUT 


43H SMP OUTPUT 


INPUT STATUS ROUTINE 
INPUT ee ae 
ei USER INPUT ROUTINE. 


OUTPUT USER OUTPUT ROUTINE 


Memory location 3 is used to store the 1/0 device assignments. The 
format of the assignment byte is: | 


D7 D6 DS D4 D3 D2 DI DH 
LIST | PUNCH READER CONSOLE 


7 Contents of Memory Location 3 


af 


D® and Dl define the console device (CO, CI, CSTS) 

D2 and D3 define the reader device (RI 

D4 and DS define the punch device (PO) 
(L 


D6 and D7 define the list device 0) 
Each two bit set can have one of the following four values: 


66 assigns serial 1/0 

$1 assigns Keyboard Video Display option 
16 assigns parallel 1/0 

1] assigns user 1/0. 


For sicmples 
Memory location 3 = 16116661 B (Bl H) defines that: 


(a) Console operations are via the optional Keyboard /. 
Video Display Unit, 

(b) Reader operations are via the serial !/0 device, 

(c) Punch operations are via the user I/0 device, 

(d) List operations are via the parallel I/0. | 


The monitor automatically sets memory location to $606 £006 B (62 H) upon 
turn-on and thus assigns all logical devices to the serial 1/0 port. 

The monitor also checks to see if the optional Keyboard / Video Display 
Unit has been attached to the UPB. If so, memory location 3 Is set to 
61916161 B (55 H) which assigns all logical devices to the Keyboard / 
Video Display Unit. 


If, at any time, it is desired to reassign the 1/0 system, the 
| command can be uSed. For eAenN es 


| 03 > 


will result in a request to change location 3 which contains the 1/0 
assignments. 


A.call to !OCHK will return the value of memory location 3 in the 
A register. A call to IOSET will write the contents of the C register 
into memory location 3. If it is desired to change the !/0 system 
assignments, these routines should be used. 


3.2.9 MEMCK baaeese 8H1B 7 


This routine returns the contents of memory location 5 Into the 
B register and memory location 6 into the A register. These locations 
are intended to hold the address of the first non-RAM memory address 
and are used by the resident assembler and editor to determine how 
much memory is available to them. The | (INSERT) command should be 
used to set these values if this routine is used. 
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4, System AppRESS ASSIGNMENTS 


The MCEM-8080 uses Random Access Memory (RAM), Read Only Memory 
(ROM), Input ports, and Output ports. The address assignments for 
these sections are discussed below. 


4.1 Random Access Memory (RAM) 


The random access memory is used by both the monitor and for user 
storage. The standard MCEM-8080 systems are furnished with 1024 (''l K'') 
bytes of RAM - this can be doubled to ''2 K'' of RAM by the addition of 


more integrated circuits to the circuit board. 


4.1.1 Monitor RAM Usage 


Memory locations between H are reserved for RAM memory . 
The area between @ and 46 H if-wuséa-Bby the software monitor tor 
stack and for temporary storage. User programs should not use these 
storage locations to avoid interference with the monitor. As explained 
in section 3.2.8, the entry points for user 1/0 assignments are 4 H 
(User Input), 43 H (User Output), and 46 H (User Input Status). 


4.1.2 User RAM Usage 


All RAM in locations higher than 46 H is available to the user for 
program storage. The monitor stack does not take the possible requirements 
of a user stack into account. Therefore, user programs should establish 
a stack in the free RAM area (higher than 46H). The EXIT command and 
RETURN commands assume that at least three levels (6 bytes) of user stack 
are available and that the user stack is not the same as the monitor stack. 


4.1.3 Optional RAM 


The standard MCEM-8080 circuit board has 1024 bytes (''l K'') of RAM 
integrated circuits installed. However, additional circuit board space 
and connections are provided that 1024 bytes of RAM ICs can be added, 
for a total of ''2 K'' (2048) bytes of RAM. Only type 8102A-4 integrated 
circuits should be used to assure compatibility with the rest of the 
MCEM-8080. It is highly recommended that these integrated circuits be 
installed by the HAL Communications factory to assure proper system 
operation. When the second ''l K'' of RAM is used, it occupies the address 
space between} 466 H and 7FRH. He-tHstSTlation of this additional RAM — 
does not affect the monitor RAM usage and therefore, all of the additional 
RAM storage its available for user programs. 


4.2 Read Only Memory (ROM) 


The MCEM-8080 uses Read Only Memory (ROM) for non-volatile program 
Stage. (Non-volatile = stored data is retained even when power is removed 
from the MCEM-8080. RAM is a volatile memory; ROM is non-volatile.) 
Typical uses of the ROM include storage of the monitor, support subroutines 
for pertpheral devices, and user programs. 
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4.2.1 Monitor ROM 


The memory locations between [B00 H and 83FF/H are occupied by the 


software monitor program. ThiS program uses a part of the ROM storage 
Space on the main MCEM-98080 circuit board. It is contained in either 

2 - 3624 PROM's, 1 - 8708 EPROM, or 1 - 8308 ROM integrated circuits. 
When the type 3624 ICs are used, the monitor program consumes one-half 

of the available on-board ROM space. When either the 8708 or 8308 ICs 

are used, the monitor consumes one-quarter of the on-board ROM space. 


4.2.2 Peripheral ROM 


Many MCEM-8080 peripherals require support programs (''software'') 
to operate. Typical such peripheral devices include the Keyboard / Video 
Display Unit option and the PROM Programmer option. The Keyboard / Video 
Display Unit support software is physically resident on its circuit board 
and logically located between memory locations F866 H and FOFF H. | 
Similarly, the ROM containing the software to support the PROM Programmer 
is also resident on the programmer circuit board and the program is 
located in memory locations between F2@@ H and F3FF H. As additional 
peripheral devices are developed, they will be assigned RAM and/or 
ROM storage in descending locations below F26f H.- 


4.2.3 User ROM 


Space is provided on the main MCEM-8080 circuit board for user 
defined ROM storage. These ROMs, however, must be of the same type 
as that used for the monitor software. For instance, if the monitor 
has been supplied in type 3624 ROMs, all four ROM positions on the 
MCEM-8080 board must use the 3624 ROM. However, types 8708 and 8308 
ROMS can be intermixed. User ROM storage starts at location 8460 H 
and extends to S/FF-+—fer36743s}-er—f0 /SFFF H[(for 870878308 TCs). 
HAL Communications provides ROM programming services to MCEM-8080 owners - 
please consult the factory if it is desired to program a PROM. 


4.3 Input / Output (1/0) Assignments 

Various input / output ports have been preassigned in the MCEM-8080 
system. Among these are the 8251 USART IC, the 8255 PPI IC, the Keyboard / 
Video Display Unit option, and the PROM Programmer option. | 


4.3.1 8251 USART Integrated Circuit 


The 8251 IC requires two input and two output ports; one input and 
one output port for control and one input and one output port for data. 
The control port has been assigned to port @B H and the data port is 
assigned to BA H. 


4.3.2 8255 Programmable Peripheral Interface (PPI) IC 
The 8255 IC requires four output and three input ports. Three of 


the ports map directly to the three parallel 1/0 ports of the IC. The 
fourth output port is used for PPI mode selection. The 8080 ports 


4-2 


corresponding to the 8255 ports are: 


8080A Port 8255 Port 

Input @C H Port A input 
Input DH Port B input 
Input BE H Port C input 
Output OC H Port A output 
Output @D-H Port B output 
Output BE H Port C output 
Output OF H 8255 Mode Select 


NOTE: There is no Input port @F H. 

4.3.3  MCEM-KB/VDU Keyboard/Video Display Unit 

The optional Keyboard / Video Display Unit requires one output port 
and two input ports. These are assigned as 8080A ports @, 4, and 6. 
See the Keyboard / Video Display Unit manual for further information on 
this option. 7 
4.3.4 MCEM-7K PROMPROG PROM Programmer 

The optional PROM Programmer requires four output ports and three 


input ports. These are assigned as 8080A ports 86, 81, 82, and 83. See 
the PROM Programmer manual for further information on this option. 
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5, OPERATING HINTS 


Much of the versatility of the MCEM-8080 and the software monitor 
system will be best understood only after practical experience with the 
computer has been gained. This section of the manual contains some 
examples that will help to gain this needed experience. 


5.1 Power-on Start Up 


Several items should be checked out and possibly changed when 
initially installing the MCEM-8080. Among these are the power supplies, 
baud rate, I/0 connections, etc. Once these items have been checked 
and corrected (if necessary), the following sequence can be used to 
'power-up'' the system: 


a. Set RUN/STOP switch to STOP 
b. Set the DATA BUS OVERRIDE switch (DBO) to ON 
Cs Set the DATA BUS REGISTER switches to all zeros 
(front of rocker switch down) 
d. Set the break point register (ADDRESS switches) to 82 H 
e. Apply DC power. 


The address tndicators should momentarily light and then extinguish. 
When all address lamps are on (logical ''l''), the 8080A is being RESET. 
Once the address indicators are off, the WAIT lamp (far right-hand side 
of the circuit board) should come on and all DATA lamps should be off. 


f. Set the RUN/STOP switch to RUN. 
~The 8080A will now run and automatically stop at location 

8660 H (the setting of the break-point register). 

g. Set the Data Bus Override (DBO) to OFF. 
The DATA indicators should now indicate C3 H (1180 #611 8B) 
which represents the first instruction in the software 
monitor, a JMP instruction. 

h. Press and release the STEP switch. This causes the 8080A 
to begin executing the software monitor. | 

i If the proper console device is operational (serial 1/0 
if the Keyboard / Video Display Unit is not attached), 
the monitor will send the character sequence: ''CR, LF, 
blank, blank, blank, period'' to indicate that the monitor 
is ready to accept a command. The system is now ready 
to use. 


NOTE: 


The software monitor writes a jump to monitor instruction into 
location @ (, 1, 2) as it is initializing so that once the monitor has 
been entered (at 8666 H), a RESET (set the program counter to zero) wil] 
automatically cause an entry into the software monitor. Therefore, once © 
an initial entry has been made, it is no longer necessary to go through 
the DBO = ON, Data Bus = 6, Break-point = 8#4% H routine again. If power 
is removed or a user program writes data in location 8, 1, or 2, the 
automatic monitor entry on RESET will not operate. 
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5.2 Changing the Monitor Mode 


The software monitor has several Operational options. Some options 
should be selected before power turn-on and some after. 


5.2.1 Baudot / ASCII Code 


The serial |/0 processing routines can be operated in either 
BAUDOT or ASCII units. The DSR terminal on the 8251 USART (pin 22 
of the IC, terminal three of the I/0 connector) is used to indicate 
to the monitor which code is being used. For ASCII code, terminal 
three is connected to ground; for BAUDOT, to +5 volts. The ASCII 
connection is normally furnished on the MCEM-8080. This connection 
must be made BEFORE power is applied to the MCEM-8080. If the state 
of the DSR connection is changed with power on and without first 
performing a RESET, the result may be indeterminate (for example trans- 
mitting a 5 bit character to an 8 bit USART, etc. +) The placement of 
this jumper is shown in Figure B.1. 


5.2.2 Half / Full Duplex (Echo / No echo) 


In normal operation, characters that are input to the software 
monitor in the form of commands or parameters are retransmitted out 
to the output device so that the operator can view and verify them. 
This is called echoing of the character. If however, the MCEM-8080- 
is to be used in a system which automatically echos the input character, 
external to the MCEM-8080, this feature may be defeated (otherwise a 
double echo would result, causing repeating of the input characters). 
An example of a self-echoing 1/0 system is the serial loop-connected 
teleprinter In which the keyboard and printer are connected In series. 
To defeat the echo feature, FF H should be written into location §D H. 
This location is normally initialized to £% upon monitor entry and wil] 
be re-initialized upon each new entry into the monitor. The | (Insert) 
command can be used to perform the change by typing: 


The characters to be typed by the operator are underlined. If the 
double character transmission is occurring, it will appear as: 


| | DD>} 
O00D OH, , FFF FEF 
BODE £6 S 


As above, underlined characters indicate those typed. Notice that only 
one S appeared because the echo has been turned off by that time. 


5.2.3 Changing 1/0 Device Assignments 


As discussed in section 3.2.8 with regard to monitor routines IOSET 
and IOCHK, an eight bit byte is reserved to hold the system 1/0 assign- 
ment. Changing this byte will change the device assignments. Use the 
| (Insert) command to change the byte as explained in section 3.1.3 and 
as in the preceding section (5.2.2). Remember that if the console device 
(Ports @ and 1) is changed, the new console will be polled for new command 
strings. The IOBYT is set to zero (all devices set to serial 1/0) upon 
initialization by the monitor. If, however, the Keyboard / Video Display 
Unit option is attached, all devices are set to it (the monitor checks for 
the presence of the Keyboard / Video Display Unit). In this case, 

IOBYT = 55. 


5.3 Manually Writing a Memory Location 


Two methods can be used to write a memory location, the easiest being 
to use the | (Insert) command. If it is impractical to use the | command, 
the following procedure can also be used: 


Set the RUN / STOP switch to STOP 

Set the DBO switch to ON 

Set the DATA switches to zero 

Set the break-point register to the desired address 

Press and release the RESET switch 

Set the RUN / STOP switch to RUN © 

(The Address indicators should now equal the desired 

memory address) 

g. Set the DATA switches to the desired new memory value 
(number to be stored) 

h. Press and release the MEMORY WRITE switch 

be Set the DBO switch to OFF 

j. Go to the desired address to proceed with program execution. 
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5.4 Manually Jumping to a Program Address 


lf, for some reason, the monitor JMP (Jump) command is unavailable 
to perform a jump to a desired program point, the following sequence can 
be used. Note that this is the same sequence as described in section 5.1 
for initial entry into the monitor. : : 


a. Set the RUN / STOP switch to STOP 

b. Set the DBO switch to ON 

c. Set the DATA switches to zero 

d. Set the break-point register to the destred address 

e. Press and release the RESET switch 

f. Set the RUN / STOP switch to RUN 

| (The address indicators should now equal the desired address) 
g. Set the DBO switch to OFF . 

h. The program counter is now set. Press the STEP switch to 


begin program execution. 


a) 


5.5 Manually Writing to an Output Port 


At times it is desirable to be able to manually write data into an 
output port. This can be accomplished by: 


(1) Follow steps a. through h. of the previous two examples 
using the output port address instead of the memory address. 
Remember that |!/0 addresses are copied twice, once as the 
high order address and once as the low order address. For 
instance, Output Port 23 H is represented on the address bus 
(and break-point register) as 2323 H. 


(2) Press and release the OUTPUT WRITE switch. 


(3) Go to the desired address to proceed with program execution. 
5.6 Using the Break-point Register for Debugging 


The break-point register provides a mechanism for selectively stopping 
the 8080A. During the course of debugging a program, it may be desirable 
to determine when and if a particular string of instructions is executed. 
Setting the break-point register to this address (or I/0 port) will provide 
this information. Another use of the break-point register allows use of the 
STEP switch as a ''loop execute'’ switch. If the software being debugged 
contains a loop, the break-point register can be set to an address within 
the loop and the RUN / STOP switch set to RUN. At this point, the 8080A 
will stop each time it passes through the loop and will continue each 
time the STEP is pressed and released. 


5.7 Using the E and R Commands for Debugging 


The software monitor provides two very powerful commands to aid in 
debugging programs. The E (EXIT) command is a mechanism for saving 
complete context at any point in a user program and entering into the 
monitor. The R (RETURN) command allows return to the user program after 
restoring the complete context previously saved by the E command. The 
E command is invoked by executing RST 7. For example: 


5.7.1 Manual EXIT Command 


When a program is being debugged y manually stepping through che 
program steps (using the STEP switch), is sometimes desirable to 
examine the contents of some of the iain registers of the 8080A (for 
instance the B, A, or PSW registers). However, since these registers 
are internal to ie 8080A, they can not be directly examined on the console. 
The following procedure can be used to examine these internal registers: 


a. Set RUN / STOP switch to STOP. 
(If the STEP switch is being used for debugging, the RUN / 
STOP switch is probably already set to STOP. ) 


b. Press and release the STEP switch as many times as necessary 
| to bring the execution to the first byte of an instruction. 
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zT-~> wo > Oo 


The E command can only be invoked during the fetch cycle of 
an instruction. For instance, JMP 23F2 is represented by 


in memory. The E command can only be invoked when C3 is being 
read (indicated on the data indicators). 


Set the DBO switch to ON. 

Set the DATA switches to FF (al] ‘ones'' = RST 7). 

Press and release the STEP switch once. 

Set the DBO switch to OFF. 

Set the RUN / STOP switch to RUN. 

At this point, the following character stream should be oped 


on the console device: 


EXIT XXXX 


Remember that if the users program reassigns the I/O assign- 
ments or disturbs the USART mode, the console operation may 

be inhibited. ''xxxx'' In the above character stream represents 
the next address after the one in which RST 7 was inserted. 


Type 
.D2C, 38} 


The saved register values will now be displayed in the 
following format: 


7 OC H2C O6 SPL SPH PCL PCH LH PSWA EDC BSC 
700 £638 0 


where: 

SPL = low order stack pointer, stored at 2C 
SPH = high order stack pointer, stored at 2D 
PCL = low order program counter, stored at 2E 
PCH = high order program counter, stored at 2F 
L =L register, stored at 39 | 

iH =H register, stored at 31 

- PSW = Processor Status Word, stored at 32 

A =A register, stored at 33 

E = E register, stored at 34 

 D =D register, stored at 35 

C =C register, stored at 36 
B = B register, stored at 37 
SC = 


Sum Check Character. 


eee, 


The format of the Processor Status Word (PSW) is: 


D7 D6 D5 D4 D3 D2 DI op 
S Z 6 AC GB P 1 cY , 


where S, Z, AC, P, and CY are the corresponding flags. 


ee If, at this point, it is desired to set a particular register 
to a new value, the | command can be used. For. example, 


133} 


will allow the A register to be modified. 


k. After the registers have been examined and changed (if desired), 
the R (RETURN) command can be used to return to the original 
program. The return address, however, is not the same as the 
saved address in this case. (Recall that a RST 7 instruction 
was inserted instead of a valid instruction and the saved address 
is one more than the address of the substituted RST 7.) 

To use the R command, mentally calculate 


YYYY = Xxxx - 1, 


where ''xxxx!'' Is the address stored and the address displayed on 
the console after the E identifier (see step h). Now type 


.Ryyyy} 


Leading zeros can be omitted. 
5.7.2 Interrupt EXIT Command 


The monitor software and the MCEM-8080 hardware combine to cause 
interrupts to execute E commands (the interrupt vector is RST 7). There- 
fore, if it is desired to execute an E command, it can be instituted by placing 
+5 volts on the INTR (INTERRUPT) line (pin 4 of the 36 pin 1/0 connector). 
If the user has not disabled the interrupt or written into low memory 
(below 3F H), the following should appear on the console device: 


EXIT xxxx 
All of the techniques for examining and modifying registers listed above 


may be used. However, when a R command is desired, it is not necessary to 
recompute the address because the interrupt method saves the proper. address. 


A return to zero command, 
RB} 


will return the CPU to the program, restoring the registers to their 
States just prior to the interrupt. = | 
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5.7.3 Programmed EXIT Command 


Many programs have error testing subroutines and the E command 
can be used to perform error exits from these programs. If a RST 7 
instruction is inserted in the program in the error branch, it will 
cause the following to be displayed on the console: 


EXIT xxxx 


If the user tabulates the addresses of all of the RST 7 inStructions, 
it is then a simple matter to correlate the ''xxxx'' typed against 

the list. The techniques explained previously can be used to evaluate 

ee La the CPU parameters that existed at the time of the interrupt 
RST 7). 


A useful feature that results when the RST 7 instruction is used 
as the E command driver. is prevention of transfer to non-existent 
areas of memory. Since non-existent memory is generally FF, a RST 7 
will be immediately encountered and control then transferred to the 
E command process. This feature helps prevent the ''run away'' condition 
that could conceivably rewrite.all of memory otherwise. 


~. 


6, PROGRAM EXAMPLES 


This section contains Several example programs to demonstrate the 
features and capabilities of the MCEM-8080. In no case should any of 
these example programs be considered ''optimum'' or ''required procedure’. 
They are, however, working routines that can be used as Starting points 
for more elaborate programs, as subroutines in user programs, or simply 
for ideas as to typical procedures to be used with the MCEM-8080A. 
Except as noted, all example programs will operate in the basic ''] K'! 
memory furnished with the MCEM-8080. 
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7, SOFTWARE MonITOR LISTINGS 


The following pages contain a complete listing of the MCEM-8080 
Microcomputer System software monitor. This listing is provided for 
the sole benefit of owners of HAL Communications Model MCEM-8080 systems 
and remains the sole property of HAL Communications Corp. The listing 
may not be duplicated for any use without the prior permission of 
HAL Communications Corp. HAL Communications reserves the right to make 
changes, additions, or deletions to these computer programs without 


prior notification or obligation to incorporate such changes in prior 
versions of the programs. 
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OO eg a ee aR NN eS SNA ee I NR, Se A REED REN earahsntyar ature enna ANY NNER SSATP, nensd Rata rat SEEORAE rh ERerLLIN eNO SAAT NE CULLEN. ANNOTATE IIL ASICS: ABs 
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EY 
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Sl NAM RT ct os 
HAL COMMUNICATIONS CCRFe , 


THIS PROGRAM IS CONTAINED IN PROMS (C160) (FIRST HALF) 
————--—AND__(02.»0)_{ SECOND HALE) 


CO en ooo 


~—THE.FOLLCKXING ARE VALIC COMMANDS. FOR_ ae ee 
VFCEM MONI TOR: 


L<BIAS> LOAD A HEX FORMATTED FILE>s 
i Oe ln ts oS sued I te af nd PY at ru i a ec iet 

AND TYPE AN §X* JTF ERROR. 
THE VALLE CF TRHt EIAS IS 
ADDED TC TRE LGALC ADDRESS 

€ cter fa nei B20 Pe ORE.THE DATA_1IS WRU TeN- 

TO MEMGRYe THE READER CEVICE IS 

LSED AS INPUT 


owtwe oe 


SNS EP EN a eT Fa Yn at 
MEMORY LOCATICNS FROM <START> | 
TQ BUT NOT INCLUDING <END> IS 
DUMPEDe TRE FORMAT OF THIS 
Rees 2) LS! sine Gis ESF 0 Wc Ot ca ClO A | <a leg ote eae eee eee Ee Oe 
LOAD CCMMAKD SQ MEMOKY AREAS 
CAN BE CUMFEG AND LOADED AT 
A LATER TIMEe THE PUNCH DEVICE 
ere oEeEeTS ES (BS QPRTOPS © Wie wily gn «Ons Vente! WO Ul BY 2h ©) (igen tare ee emer RS Wed een ES PVE SENOS Peder RON ose Pano ve a NSO ET OTOP 


*e¥ THE FORM FOR BOTH LCADS ANDO CUMPS IS: 


ete CL ENG UE <A DR Be Sea vee 20a VA BVT Scone te 


ALL RECCKDS ARE PRECEEDED BY A COLONs ALL 
CHARACTERS EETWEEN TFE SUMCFECK AND THe COLCN 

EON; 2 cases CC A Oi) 2 ak ey eae Oe RIES eal 81 cbt Ae UC commas WO A Ot 9 oc BRM Os OR eee 0 dW 2 COG men (erate eaten ee een aCe esse eee wee Uy 
CAN GCE CONTAINED IN TRE RECORD WITH NO EFFECT) 


me BE ume wo wt 24 Bs 


wi an | 


€LENGTHS 15 THE NUMBER CF DATA BYTES IN THE 

ane Seer ee: 52 Ob GY. 0B awe 4) 6 Rar onli nol) Oem ne eee es eee hace hee Lee 
<ALDRESS> IS THE LOAD AUCDRESS (OCOCO-FFFF) 

<TYPE> IS NOT USED AT THIS TIME ANC IS OO ( IGNORED ) 
<DATA BYTES> ARE THE ACTUAL DATA 4» <KLENGTH> OF THEM 


se esuneaeogmonanmagumanchemenronn=mtemeecmamee enema anemone memento EY 
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A 


Se ee 1S THE NEG CUM BE. ALL BYTES (ADURESS 
| eee Se Oe ale iy ones (FIGH ANC LCW) ) 
EXCLUYVING TFE COLCNs TeEe TFE SUM OF 
a ALL BYTES--INCLUCING--THL. SUMCHECK--15 0 ———____________________________-__.... 
FCR NC ERKCKe DURING LCOCAC, IF A 
SUMCHECK EFROR ITS ENCOUNTERED: AN 'X'° 
IS PRFIANTEC CN THE CONSOLE CEVICEe 


aR te 8 CAE EN CCE FROST ERER BCR TRLE OHNO ARS OIE CRUE SE aR ARAN HENICAN AR 


en ain tnt oe eee ne me nr ce ene en ee ra fe ORR en ee 


I<LQCATION>D: INSERT IN THe SPECIFIES 
LUCATICN.e THE PREVIOUS 
CONTENTS CF THE LCCATICN 
~T_YPEC._THE CONSOLE DEVICE [ISG — 
USED FCR INFUT ANC OUTPUT e 
A *,' JTS USED TO CPEN A CELL: LeEe 


me 297 Bs we wews woe te we we we 
i 


a 
- 


Trre verre re Pree 
| 
| 
| 


Sl LE sh ag cat a a a a a a 


0065 £8.74 


WOULD GE TKE FCRMAT FOR CHANGING 
LCCAT.ILCN 65. a a a a 


74 (NEW VALUE) 


tacts Jaa Ny Cee to CT LG Nie IN IN a ee ee 
JUMP IS EXECUTED TO The LIN- 

CICATEC LCCATICNe INTERRUPT CEXIT 

COMMANC) IS ENABLEC BEFCRE THe 

SS ga foe eae 


: 
; 


R<CLCCATION> RETURK TO LOCATIONe A RESTORE 
| REGISTER JUMP [TS EXECUTED TO 
ACC TG Re NL SS Ck TN a Ni 
WHICH CASE, TRE CCNTENTS CF THE 
PCSAV IS LSED AS THE ADDRESS « 
| INTERRUPT (EXIT COMMAND) IS ENABLED 
ea ee nea es FORE THE—RE TURN ° Ca a a a a oe 


| 


wad ws Se G4 ws C41 Oe OHHH WA 


CE A RTL TNR AAO Oe over. 


| 
| 


EXIT COMMAND 3: | A RST 7 WILL EXECUTE AN EXIT 
COMMAND eo ALL REGISTERS ARE SAVED 

op ese he ee Ee NA Oe AMIN AO Nii NZ 
MODIFICATICNe THE R COMMAND 15S 
THE CCUNTER OF THE EXIT CCMMAND 
AND WILL RETURN THE FROCESSOR TO 

icity eg NPs ce dy ck cae IN NN a8 ls Boe ne : ee ae ee ee 

COMMAND SFCULD BE PERFORMED PRIOR 
TO AN k COMMANC BECAUSE THRE 
STORED VALLE CF THE SP SHOULD BE 

INTACT. (Le beg ee IN a > VL i i og eee ea bee eee th, al 
STACK AREA. (CTHER TRAN THE MUNITOR 
STACK ) e 


bias lltasacataiaetecdl ic acarinintchadteemneamtiel ah ontennaeer meena onctbabomeshonmnar ontane aeerimeeanen eenaemmonanenernaae tenmmeenemne aominasne ane ambetuatnenseenran naneneatieanemmtenaemnratnemenenneas 
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7 


cet a 
nc a a ee a Reg RIR - hep ene ca ee ne ee eo 
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| 
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Ae PS we de weet we dt wt we OF 


| 


e189 we os ee as oe 30 we we we 
> 


<n EN 


EE «are are RA GEES LO A ES ET EN Ee ne A NT EG RRNA et TRC LTS AR eS 


I/O ASSIGNMENT: AN EIGHT BIT I/G ASSIGNMENT BYTE 
1S STORED AT LOCATION ICBYTE (03) 
: THE VALUE CF THIS SYTE UIRECTS THE 
up Ae ee ae OU Le RO OE ee ONO Pee hol 
| TOO) TC ONE (EACH) GF FOUR PGSS- 
IBLE I/C DEVICES. THE FORMAT OF 
1OBYT I§: 


a a EE EN RN PT AES etn HIE He 


eect cipmten mee m 


nee 


D7 06 DS C4 D2 D2 C1 Co 
/LIST DEV/PUNCH DEV/READ DEV/CONSOLE / 
| ACH CEV.ICE—CAN.BE ASSIGNED TO2 


a 
i 


OO2.SERTIAL INPUT/CLTPUT (8251s ASCII CR BAUDOT) 

CLIKEYBG ARO DISPLAY MCDULE (CPTIQNAL DEVICE) 

sermons DM OS des ee phy ec s esses EIN UA Te cee EE i) a a a a 
LIiscUSER INPUT/SCUTFUT C(CUSER DEFINEC ROUTINES) 


al LIN MSE IN Fe AN oS NN i Ne 
TYPING ANY OF THE CHARACTERS GZ 


TLE  °MCEM-SCEQ MONITGR lel! 


~ | 


CONSTANT DEF INI TIONS 
_KEYEOARL CISPLAY I/0 CCNSTANTS 


| CSPCK EQU CF 8990H sCISFLAY PRESENT CHECK 
~-FECA-—___________SD F 1. Q—__£ QU.—___SPCK+O0AFSSET_OTSPLAY_1O_PYTE ONT ey _____-—_—_ 
PEC I KBIN . EQU DSPCK+1 sKBIN ENTRY 
FeQ7 KBSTS. EQ@U =~  CSPCK+7? 4;KBSTS ENTRY 
FEC4 DSPCT EQU | DSFCK+4 ;,CISFLAY OUTPUT ENTRY 
eeaona Pa a an Te EE oO eg CeO LGA RENE ct SO ERO Cerne Ser Se PU Se Ta 
7 SERIAL I7GQ CONSTANTS 
Ccec CSkk EQU — 80H 7CSk BIT IN USART {O0=BAD) 
Cre 4 CR Mia OW ee eee MOD OR APA ne a ee 
OOQ1F LTRS EQU ]FH *EALOCCT LETTERS 
9018 FIGS EQU 1BH *>GAUDOT FIGURES 
CC37 ECAS1 EQU PA *BEAUCCT CASE (CINPUT) 
Bo a a a a i a 
00CZ RXFDY  ££.QU 2k »>RX REACY TEST MASK 
CCoOl TXRDY EQU LH | >TX REACY TEST MASK 
0027 TXR XE EQU 27H 21TXskX ENABLE. 
is i ase ees a O18 Say : Sar iene teen ae eve cme RESO NnIN, © 5 1 25) 1} OUI a mal [Meneame aly) | el WRC AEeNnee all ADM BS OR) oe, Seam Dank“ Sash ue ge: me Ol Oi iy <n WY OS) <a RE 
CCEE : LARTTI EQU SEH ,IN(I TIAL UART MOTE WORD 
vCSS UARTR EQU JOH +GVART RESET COMMAND 
CCOR URTCT EQU CBH sVART CCNTROL PCRT 


(Ab 20 ncatanemaen nte Senge ate AERO tA ERENCT ARI CCE Rt eSATA ENR HOE CREATINE OPA AOR, 9. capitan etn rep hen I Am 


Ce nie Se 2 er Me 
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COCA —URTDA Eau OAH SUART DATA PORT 


9 
4 PARALLEL I/O CONSTANTS 


A A i LEC Ne EN ale 


Me et ee RRR NE Sree YA nee cme me te em ame ee ere eee 


I AA ee ae Se cnet A et eee ec ee cd en 
COAE — PARMD EQU OA 6H +FPT MODE FOR PARALLEL 170 
COCF ; PARCT  EQU ane — 3PARALLCEL CCONTRGL PORT 
9002  . — + PIFDY' EQU . — - § FARALLEL TNPUT READY BIT 7 

Eien EEE 1 a) 9 ena eae see ae , PSTAT— £OU. SEH PARALLEL STATUS PORT 
CCOC | ss = PINPT EQU ORK sFARALLEL INPUT PORT 
CCEQ. FORDY FOU 80H >PARALLEL CUTFUT PEADY BIT 
ccoc | | FOTPT EQU OCH “;FARALLEL GUTPUT PORT 


Aes RE aN ie AiR RRL —PNRReRREIRL RII umam 


3 USER I/VO CONSTANTS 


9 
OC40 — . LSRIN-. EQU — 40H SENTRY FOR USER INEFUT 
Die Pisee Del alas eee EY EN At hd ns etal ee eo I ee ceo Ad ign Sat eb eon eg PS | en wate Cie nk hg ie Pail Pb eC et i se eee cert ete a ee, Se 
QN4E LUSrR ST EQU 46H sEINTRY FOR USER INPUT STATUS 
? 
;s MISC MONTTCR CCNSTANTS 
ee eee ae SIA ar tata eee RPS NRE NE NE REL PRE UN Ar ORION oni ee ree ee ee 
COCA LF EQU OAK ASCII LINE FEED 
ccoc: | CR  «EQU. CDH ;ASCII CARRIAGE RETURN 
: 
ET ae eetene . oM ONITOR MEMORY _ALLOCA nape ON Se 
cceos |. MSZ1  EQU S SNEMSILZE STCRE 
CGOE © MSZ2 EQU 6 sVEMSIZE STORE (HIGH) 
Hieeats si itencarle COA See 1 ay. cen 2) 2) © NPE RE Cm rE INE oR) CB ec MR 0 ee oD cr a ene eee 
COLE RGSAV EQU 38H “START Ch RESTART STORAGE | 
O0z2C MONST EQU KGSAV-12;¥CNITOR STACK AREA 
OO2Z@E .-  FCSAYV EQU PGSAV-19O;LOCATICN OF PC SAVE 
lars eA oe Fete eae PSSAN WW EQU WR GSAN=-6  Z;LOCAT ICN OF P SW. SAVE. Bore ee 
ccoz IOPYT  EQU _ 3 ;17C ASSIGNMENT STORAGE 
OCOC | ECHOM EQU OCH °STCRAGE FOR ECHC MODE FLAG 
oe a Act a hc at ot i ta eee tat CNITO KF AM. A LLO CA BO A ace a cea Ene A a oe eign Sar a tell oe eet fe le en er ae 
> C-2 JUMP TO MCNITOR CCOE 
; 3 IOBYT (1/0 DEVICE ASSIGNMENT ) 
eater, See pect OD Pla Ge NIE CT CEAS CLE peek Rk 2 Gy caine ge © 6) Dey ee ern eee Saha 


5 MSZ1 (LCv CKDER MEMORY SIZE BYTE) 
6 MS22 (HIGR CRDER MEMGRY SIZE BYTE) 
7 ECASI (SAUDQT CASE FGR INPUT) 
pete a er le OS Pao CUR SOR POS LLECh CR UCRT: bd SPAY Jeecen ao 
A CFSAV (UFSET REGISTER COFY FCR CRT DISPLAY) 
4 FICCHK (CKARACTER FIDDEN UNDER CURSOR) 
C RPTFG (KEPEAT MODE (KEYBCARD) FLAG) 


: SA ERC cae ee SRC JNO Ob MOUS FL DG) ce ee, ule, de alee tadt audits oe 
E. BCAS (BAUVOT CASE FOR GUTPUT) 
F aa 


we Meine o> wa bt os wh BE wt 
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- 28-3A EXIT COMMAND ENTRY JLMP (RST 7) 
> 38-3F SPARE 


iarneiemeneeninm neieeemanemaneat | ee pete ER EE Me aR EE nome HF: No 


MACRC DEFINI TIONS 
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° 
? 
” 
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? 


1 TEST MACRC 
1 ANA A ;SET FLAGS » CY=0 
| ENDM | 
ee BOO Oe eee Fo) 2) comeeenEEIIE = 5'5)/0)| 0 - eee ERE SE Wanner mee maria 
8009  ¢€326889 JMP BEGIN sMONITOR ENTRY 
€003  €3S381 oe MP} OT ;CONSOLE INPUT 
= avoGé&_C2ADEL Peers ||: eee A ;SEALER. INPUT ._. 
ects C30681 MP ‘ae SCONSCLE QUTPUT 
EONC C?F1#1 MP PC SEURKCK CGUTPUT 
ECCF CAFSE1 JMP LO ;LIST OUTPUT 
ae 22804 2a SC Se 1 pea JMPi CSTS ;CUNSOLE. STATUS 
EC1s C2EF @2 IMP IGCHK 710 ASSIGN CHECK 
BO1E C3¢3e@2 MP IOSET 310 ASSIGN SET 
BOLE C3S8E2 JMP - MEMCK sMENCRY SIZE CHECK 
ste Stewed Gee aCe Sd M2 KER ot 
B21 C25A283 JMP TYPMG ;NESSAGE TYPER 
€024 C372e83 : JMP -—-s BYTOT SSYTE TYFER 
8027 C2CA81 | JMP WRCOT sWCRC TYPER 
soi sie tet BO Oe OG oo RET ENT BY FOR NO SERVICE RITNS| 


INITIALIZE UART 


O64 mt de 


POS. 351 EPO ING 


a me eee ee 


Re aan me ea 


Be Ne a es 


80<cE 2140C0 | | LX - Hs4Q0H »>CL EAR MONITOR RAM AREA 
BOZE EGO: 
GO0ZE 26 CCR L 
ee nee eA ig Cd) TAL erreee 5 B Sereemeeenemns 2S co OER 
8020 C22E 80 INZ BGO 
O72 26C3 MV I ~~ Ms0C3H 7;SET UP MONITOR REENTRY 
BQO2s: §. jos — . INX | H »,BUNF ADDRESS . a 
Rane ER 3 5, OF 6—_3626..__________¥V1_____MaHEGIN.AND 50 5 cl sold et ey Aa OF oot as Oe 8 Me" BS 5S Shs ye ed Cr ee ee 
S036 a a wo oh TINK H ,EUMP ACCRESS AGAIN 
EC3S 42660 MV I Ms» BEGIN SHR & ,e&NTER RIGH ADDRESS 
SOLE 2E38& MVI Ls 35H ,>SET UP RESTART ENTRY CRST 7) 
Renee cena eee oe SE Be a nna amen 1 ae Guemeereeamttints LN el OL OIG cq URE OD RiN ote en eo Oe RTE NIE ee ee eRe ee 
803F Pad: INX H 
BO0490. 2E45 MVI MesRSTRT AND OFFH 
f042— 23 INX H . 
ae G0 44.2 2681. eM NAL eg OT RT SR . Se ee Ne a ee ee ee a ee 
EQ45 GEAG —  MVI AsPARMD ;SET PARALLEL I/40 MODE 
a047 O3CF OUT PARCT 
8049S Sele MVI AysUARTI sUART MCCE INSTRUCTION 


ee ee be a ner en ae 


2 cS EP een a ne nt at ie Ae teem 


A cette eypetanrmnainme + came 


ee EEE e ONS SEAN tA e Oe Se SES er SD fPIC A ee te 
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Ree R RTE EE EY SETS RNREEAS © Shree SNR ARE ARR AE fe TS LN AS LEC SEE we eA Ae we eR eR RS EE ERS OE 6 SRR aI 


8048 D2CcB : OUT UR TCT ;ISSUE MOOE 
834D AGES MVI A ,UARTR $UART RESET INSTRUCTION 
S04F D3CB 7 OUT URTCT $3I1SSUE INTERNAL €& ERROR RESET | 
seer Pace I Ae eee MV [Ao IR FEMO—3 SET FTN Ab = MO Er 
| a SAUCVE FREDEFINED PRESENTLY 
G€0&3 0308 CUT URTCT: F1SSLE LART MODE INSTRUCTION 
a -_ | | 3 ;\EXT MUST GE COMMAND INSTR 
Sacra ern ESIR = 6-1, COPRPS BY) 6 5 meee a On EERE EN Gm Fy 6 F0 ot en EURMETC es Gk eek cts | Cee Es SG) © ir ane nen Une ce 
EQE? EERO | ANI DSR ;0SR=C IS BAULUT (+5VULTS) 
ECES CZE4B0 — JNZ  .  -BG2 ;\C.+ MGDE 1S ASCII 
acsc 3€&S55 MV I AsUARTR 3RESET ULSART | : 
nee BS Se 1 SU ECT as Ea a ee 
a9€0 BEES - MVI AsURTBM 3;SET MODE FCR 5 EIT» 1 172 
E062 D29B QUT URTCT 3; STCP, NO PARITYs X64 CLK 
ECE4 BG2; 
- See 0) 2 Caen | <a Se ——MVI io eT ORE ENA 1 ANS Me 
EC6E D308 CUT URTCT : 
LCER 21EC00 LXI- SPsMONST3SET STACK FCINTER 
EGER ZACOFB LDA DSFCK 31S CISPLAY ATTACKED? 
- wi a se SS ST By te 
EC7C CCOAFS CZ SDPIO ;LUSE THE DISPLAY ROUTINE 
: | 
8 
a OES 2 ER ey xateee UA hs GM - d  A7-  Fa ald  f  E l —a ne eP ee cdS 
$ 
» 
3 MONITOR NAIN LOOP 
Se a a oe ee eins pa ae a te 
&C73 | MAINS | 
EC72 312C00  LXT =» SP »MONST3RESET MONITOR STACK POINTER 
EC7TE 21B6E3 LXxI H»ePMTMG 3FRCMPT WITH PERIOD 
See 7 Ga GAR aie ee eA ee OMG es Bet 
| EC7C COCESB1 CALL ECHO ;GET INFUT 
€C7F° O0&C2 | MV I —Bs2t ;DEFAULT PARAMETER COUNT 
ECE1 ©. FE4C | CPI mut 7LOAC 
£0 6 CAC 6 I CAD 4 YES 
ECEG  FEGA CPI nye START EXECUTION (JUMP)? . 
«CE CAE&BO JZ GO PES 
ECER FE49 CPI oye ; INSERT? 
eed OGD CAR OB Oe. 2 aoe I IN GRT Ve S.. 
ECSC FES2 | CPI mae ;RETURN TO FROGRAM? 
ECS2 CAEFE]1 BW RE TRN ; YES 
ECGS FE44 CPI moO! ;CISPLAY/DUMP? 


BCG. C2 73RO SIN MAIN USO, BAD COMMAND, TRY AGAIN 


COMMAND SERVICE ROUTINES 


= ae mncsane . Ce ea ee - _ a sale wan = aiid oe « ee ee - 
we artetneb  cmmemmamete sewnireite alam anata teeneeeenieeenemtatetemntmeenineenameamad menatenneerennmearta tina iiarmemeanen acest abrasions stam omeatiemeranmmnensaetes nears etna aemniamemneennne naan atiasienaeanemeiaanineamenitaaatnnd eee en emma Re Cee emiaeenen ces Slaeetememmant ome tnane an anneal cnt en ea ana a ee pine anmertne, 


Ce ekesondeneemneepename ame sn aeneee cent 


> DISFLAY (OUMP) MEMORY TO SERIAL OUTPUT 
; THE FORMAT OF THIS OUMP I[S COMPATIELE 


AATEC ne EOE OA ROARS ROR Nn ar SSI SE SOEUR AR NR AL OLE SET OARS | RET ¢ NL ARN fe Ie em nECN Ret NER he ae em ane Ate NEN «I = en A RR Rt SE a ren = nr ae nto 
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eee ene en (pCa we i /- ee ee eOR R c eee 7 NCEE 


’ WITKR THE LOAC CFEX) RCUTIKE 
’ 


ECSA CD1C83 CALL EXPR ; T 2 FARAMETERS 

~8 09 C—— 0 1—-——-—____-_.---__. POP_—_____D ~-—_-__-..; FUT..<EREDIN De 
BCGSE El POP H ; T <START>D IN FL 

GCSE DISPI:; ; NE CUTPUT LGOP START 

ECSF 70 MOV Aek : wPYTE UF CURRENT PGINTER 


C—TESTADORESS--— 


G 
es 
E 
L 
L 
E 
ECA2 47 MOV BA ;GOES INTO (CBE)( ) 
BO AZ 7C , MOV AsH SFIGH GYTE OF CURRENT POINTER 
— ECA4 CECO | ACI C 7ADD CARRY OF PPEVIGUS ADI 16 
SO AC a OY aI «even ELAR ©F AS) Heme | GER ey = een Rn a gr ee UO ee nO 
| 8CA7 CA7380 | JC MAIN ° 3EXIT IF WRAP AROUND 
ECAA. 7a. cae MOV ASE *LGwW EYTE OF <ENCD> 
 @CAE° $C) ©), SUB B 5E-(B2+16) 
TS A Cac art GY caste eg A ae AY TG CE NN 
G@OACD 7A | MOV A,D sFIGR GYTE CF <ENC> 
EQAE Ss | SOB Cc  30-C-CY OF E-(L+16) 
ECAF C2ES80 JNC ' DISPS ;SKIF IF >15 LEFT 
By <6) 2) any 2) «eee ee OE SEEN | | V LEME RSE 2 ree EMNB S22 bg eee cl ex wll oe: OS cal pC» ee eRe 
ENB2 C610 | “ADT 19H 3(L-16)+16 
eces 47 | | MOV «BoA ;B=DISPLACEMENT IF <16 
&CEE c2eBe6 UMP DISP2 ;SKIF SINCE <l6é 
Eg el ec eee ea SEER 5 (2 2 e-Ern R ee Pee EO ca Ne re ee 
acas 0€10 MVI E,10H 3CO 16 BYTES PER ITERATE 
ROEL CDISP2: 
BNEFE ES PUSF H ;SAVE ACORESS FOR MSG 
Seen eM SES 3) cc) cee 8 =|: ee ISS By eo i clcrae awn al- 7 a ee eae ee ee eee 
AOEF CDED82 CALL TYPMP -TYFE IT 
ECCz El : FOP H sRETRIEVE ADORESS 
ECC 3 D5 PUSH D ;SAVE <ENDD> 


rem radeanrimieh cate necacaact 


a a 


ECCE 78 | MOV A.B 3GET LENGTH 
BOC? CCAOQE2 “CALL BYTUP ;FRINT THE LENGTH 
BCCA CCE4&2 ALE wRDOP ; TYPE BEGIN ADDRESS 
CA a oe OA ee | NAR TV PER 
SOCE cpAoa2 CALL BYTOP ;CUTFUT TYPE 
gocl Ze) | MUV. AsB ;TEST FOR FINISHED 
| a 2 + TEST ;ZERC LENGTH IS END 
Se ATP OREE' <1) Os Ca! Ly ARNE 12 ee CEL | |< COREE: CERRO 2 (7 OE cL On on 
- .. 8003 CA7380 ey MAIN GET NEXT COMMAND IF DONE 
ECDE CISP3: , 
BCC eé 7E MOV AM ;TYPE RECORCS 
ACD? CANORA CCA BY TOP US PRINT. 05 Reece one enna aS ont PEON ed Der Rt eee 
OCA 22 INX H ;GUNF FPCINTER 
ECCR Os5 _ DCR B ;2UMP PARM COUNTER 
ECDC Cc 206890 | INZ DISP3 
acOr AF. ea ea Sa let a ata eh a te ae ee ee 
EOEC G2 — SUB D ;SUMCHECK = -O 
&€CEl CCAQB2 fe CALL EYTOP ;CUTFUT SUMCHECK 


Ioana canara neta nae nnemcnenetes thames aneneliambashemtatatedeantamendieatinenenmnmaiitmmemmaenennenenmmatnemtienen memmenaram ans anmnmtenennn a tanaate ee maene nanan eam enna seein ene term tase ete aneee ae 


8QE4 Cl — POP D '" sRETRIEVE <END> SAVED 


Rent rane meee meee cere re ntti: RE TR SRNR 


 8B8OEC NACRO ASSEMBLER, 


eo 


BCES C3SFB9 | 
; 
— eee se 
; 
ee 2 
SEONPEESRY 21 07 at - beta dE 
 «B0EB CD2683 
BOEE FB | 
EGEC «ES 


46 


i 
j 


ae meee, 


emer e enema Iny eee 


a7 oe = ws 2? ae 


ee mnemimanmemenemad ARR Hee GRANT atten ny aE 


VER 2ee MCE M-8C8O MOCNITCR 1-2-1 ERRORS = 0 PAGE & 


AS A NR i Ne er NNR tN a 


27CQ ANUTHRER RECORD 


aes Maat ny me, 


OTSP 1 


JMP 


arena ae ee em = 


_GO- ROUTE NE-——____ aay memes en Me eee 
EXITS VIA JUMP TO THE USERS ROUTINE 
AFTER RESTGRING THE GSERS REGISTERS 


e 


~CALL ~WRDIN 7GET JUMF- ADDRESS 
El >ENABLE EXIT COMMAND 
J PCREL 


sJUMP THERE 


INSERT DATA COMMAND 
ALLOWS HEX LATA TO BE SECLENTIALLY ENTERED 
THE_INSERT_FUNCTION_IS TERMINATED. BY_A CHAR 


BE TWEEN G AND Ze 


Scop  * NSRT: | 
BO A a oe INSERT_ADDRESS. 


SCR? INSTI: 
ECFU ao | PUSh a ,9AVE ADORESS 
ECF1 .. 21AD83 — LXI HeCRMG »TYPE CR/SLEF 
a 2 7 RY Ay <i Seen Ey 1 MRE, 2°) (OER ESN eect 
ECF? €)] POP sFETRIEVE ACCRESS 
BCFE - COCAG] CALL WRDOT >TYFE ADDRESS 
Sure ore 7 MOV AsM 7>CET PRESENT CELL VALUE 
ena taeme G94 Cierra GS AY Bc; 5) SNC. mee ene NORM OTE GI: alt (eames 5 0 oe Seo tmemeerunsoenoms! 2) Ua (il 3 sateen MBE Winn e omnanneessaen Owned -AWsTsaee= enn 
ECFF CCF1L@2 CALL aay Oe | *+CHECK IF CRANGE IS DESIRED | 
8102 FE2C | CPI gt 7USE * TO OPEN THE CELL 


a eee ae rete ae 


8104 #£€2cB&i JINZ INST2 sSKIF BYTE REAC IF NOT : 
— -8 16-7—_C 046.83 —__________-CALL___8Y TIN ___3.GE-T.NEWVALUE_CEX1T_FROM_HE RE) 
B10A4A a7 | MOV. MsA 7STCRE IT 
€10G | -INST2: 
8108- 23 es INK ay sVOVE TC. NEXT LOCATIGN 
a 81 0.C___C3F080 eRe EEE! | = AEPMMES 7 REN cK as 00th at Ro °c bets ie, 
? 
’ LOAD HEX ROUTINEse THIS ROUTINE IS COMPATIBLE WITH 
rte cae ame neh nae I nad ee EN TES So BOTH Tee CATS GENE RAT Ei c13 yo Te CEN PN an aoe 
+ AS TRE ie FILES GENERATED BY THE ASSEMBLERS AND 
+ CCMPILERS 
: 
Spades Pe 2 Oe eee Cees oe OP: Bee eames 
B10F 05 ) CCR B = GET BIAS VALUE 
Gi.1-C CbD1C&3 CALL E XPR ,SUSE NORMAL PARAWM 
81lla3 LOO 
cue gh ae aaa tind “Oe A eh emt EE ed Peer CED | iy AEE = SSEARCH FOR "28 -_ sata Ne see aae hte 
SLileé DEA SUI ‘3 
Bile C21381 JN Z LOC 
S11E e7 Os A >ZERO SUMCHECK 


ene te 


cca acre on: 
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€11c CcOC6E2 CALL BYTIR ;GET RECORO LENGTH 
ALLE CA7380 iz MAIN SEXIT IF ZERO LENGTH 
g122 C1 POP P ;CET BIAS 
eeeitu seedy e acne oe eaten -— PUSH—-—---PSW—--_.. SAVE -RECORO—LENGTH- 
8124 COCBE2 CALL WPDIR ;GET LOAD ACDRESS 
6127 0S DAD B ;ADC FLAS 
Giz& Fl POP PSW ZRETRIEVE kKECORD LENGTH 
eter eT 2 Oe Gat DUS Pes A GAVE Bt AG ee 
ElZA = 47 MOV eA 3FUT LENGTH IN B 
B1zZE  COC6a2 CALL BYTIR ;GET RECORD TYPE. 
E12E- | LDI: 
a 812E——COC6€2—— CALL aa 26, 0 oh Uc. cae OO 2 2 
Bisi 77 MOV | MaoA '  ,STCRE .[T IN MEMORY 
8122 223 INX H ;VCVE TG NEXT ADCRESS 
8123 Os DCR B ;CECREMENT RECGRC LENGTH 
see) 2 Geind COPE 6 Lat cee ee IN 7 oO ne. LOOP UNI 1G. RECORD DONE. 
6137 CcDCba2 CALL EYTIR ;GET SUMCHECK EYTE 
B1ZA CA13E1 2 LO ;SUMCHECK wé4éS ZERO 
@13C ‘SESS MVI Cex! ;TYFE E FOR SUMCHECK ERROR 
ce NESE © 5) eet Cl OY EY 21 20) eee eT OE Dial <9) lr 2 eet ner aie Rasen ener mera es Re oe 
8142 ¢313e81 MP LDO 


Go O28 ae 26 Me Oe we WF 


de O28 ah Bt win de we Dt oe oe we 


“ 


agi eri ae = ae 04 wor 


STACK FORMATS FOR RESTA 
USER STACK 


PHL 


PSW 
ae a os STACK 


oN aN 
aay 


No nd Aad Ob Ga fal Gat Gd Gt 4 


. | 
| 


Si = ios Gee 


Pe ae ae 
NOOMNO fw o1¢ 


oe et ec ee RE Ce EE CoRR te ORE NERY 


EXIT COMMAND PROCESSOR. 
RST 7 CTINIT SEQUENCE WR 


a i a 


inal oad STACK STARTS AT 2B 


RTS: 


en 


WE GOT HERE BY DOING A 
ITES TRIS ADDRESS INTO KAM 


2ocCh) SC. PCTS .ALPEALY OK USER.STACK 2... SAVE_HL. . 


EMAINING REGISTERS IN 
RANSFER THOSE STILL CK 


en hemes 


_—AT. 
AND PSW ON USER STACK T 
RR 
T 


C MAKE ROCM TG WGRKe SAVE 
RAM IN SAVE AREA ANL THEN 
USER STACK TG SAVE AREA. 


aut an canesennsnaiedibemenntonees 


aA NE CE A RI AE Et SR “ARRIOLA GE 
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A sete ei a ee _ ee eee ee RC A re RR i SURNRNRTNE S Geeee mnen ame amie ae ee nee ee ee re 


+ A TOTAL: OF 6 BYTES OF USFR STACK ARE NEEDED. USER 
> STACK MUST NOT BE THE SAME AS TRE MONITOR STACK 
> ONCE FULL RECCVERY HAS BEEN ACOMPLISHEC. WRITE THE 


os saataeeeenaineanienenieaiemenenammtannmaiementan temas atest a ei 


—-— oom nome SAO ORES Se LPAT 6 Cl US HE Re] CNT HE CONS OL Eece 
9 , 
E146. RSTRTs a | 3 
OAS tn ES . PUSK - H es SAVE HL ON USER eee 
B14 Gao Fe. sears rr aan ee wi 3 Save RS , 
E14¢@ 210000 LxXI- H»O *GET SP VALUE IN FL 
EGA 3S CAD SP 
B1l4E 212800 i_x I SP »RGSAV,SET LP SP FOR SAVE AREA 
—~—— 814 —C & PUSH_—_.B____;save_ —— 
C1l4F DS PUSF on) SAVE CE 
om Wore, SE KV | EwM *MGVE AsPSW TO SAVE AREA 
E15] eo INX H 
etc 56. eee MOVs eed Oi es», Seen een eee ere SD nae Renee — 
a oats Paes INX He 
Q@1e4 DS FUSH D 7 THEY ARE IN DE 
om) (esis os MOV EM *>“OV HL TO SAVE AREA 
6156-22 INX- Ps a ee aeaeen 
E1icS? 56 MOV D 
ELSe es INX | H 
Glee DS PUSK ~ 2 7 7s THEY ARE IN DE 
See ) Uo * CoRR on SOR MOV EM tv YA GO ey Ve Ws Wa A coleee es 92 6 cou’ : Cem ae near nt ne ee ne eee ete a 
Sieop Ca. INX H 
elec 6 MOV DaM 
E1SD a3 INX. H 
sa aE a a a cr ne Ee ct a IN ees el sooner pee 
eler ES PUSF H »>SAVE SP IN SAVE AREA 
E1lEO 218883 LxI- HsRSMG >’ YFE EXIT [IDENTIFIER 
8&1E3  CLSGA83 CALL TY PMG 
———€ 1€6—_2Aat C Q———____-_. —_-L-HL.D_..__F CS AM_____4. GE-T_. Si A 
B1lES  COCAGaI CALL WRDOT 7>TYFPE ITT CN CONSCLE | 
“EPEC «.GBiIseo JMP MATIN ele TQ MAIN LOOP 
fice 2 eo Pet URN ROCESS SOR«6 -RECCVE RAL  hEGLSIERS FROM Cae. pe eos 
: rae AREA AND THEN RETURN TO WRERE EVER THE PC SAV 
> INDICATES» ORE FARAMETER ITS GATHEREC, AND IF IT 
> IS NGN-ZERC, ITS VALUE [5S SUBSTITUTED FOR THE PC 
Bie a ge PR a re ee ee TIN oN i a a a aN 
9 
SVer | | RETRNS | 
81iEF CD2683 | CALL WRDIN *GET ONE PARAMETER IN Ht 
ee ere a I a Mi ce ga a mt ee i 
Spa “. 583 CRA Le a 
E174 CATAEIL , JZ RETR] s>FL = OF DONT WRITE PC SAVE 
E177 —2e€ZE00 © SHLC PCSAV >STCRE NEW DESTINATION VALUE 
NR Nar ORT <i ER) > § Ate ETE ___RETR1_< AC e OMe eect Sener eee ee eee ere a Ee ee ee eee ane eT eRe Ee See eae Pere ee IT teat Sates! 
E1L7A =p POP Hi »*CET STACK POINTER 
E176 Di POP D 7>GET PC 
817C C1 FOP B »>CET HL 


ne a tn mr rr a a a ce ve 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
: 


De oenaenemeeemmeemmneinatingll eemnieenmatineninetalinel RR smn At SR AEN A Mee eee Aen el OE ANE ERR feet TR Nn lena IRRCLAR nlf: RET Rr Tt lrg ert dR te ee “a eNO ameter “ERR SAE ETE TR are hn LE NY SETA mnt en NE, RRS Hem nm CT ER A ERR ST mE FE a EA RRC OC LN ke cet RP ARR ce ee A EARS ANANTH NE TRE math one SFmerentera memento Rae eaieemnsimmmemet an napameaamaenanne ene ammo pant na manne et ae aE ME toe Eat 
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| 


ae a a FS SPHL *RESTCRE STACK POINTER 
ELTE VE PUSK D sFUT PC CN STACK 
GC17F cs PUSF | s ,FUT HL ON STACK (TEMP ) 
ree meme J LBO .-—--2 |] 32 O69--—--.-. LK T.-H ee PSS AV —-SMOVE-AePSW--FROCM ST ACK--——— —--.-———_--———_—_____—___—__. 
8133 Se MUN EwM 7*LSE De AS EUFFER PAIR 
9184 2a INX H 
GLEE S6 MOV Do M 
~ Pe ae a ee ee nen <0 een © (iC ee en 
B81lE7 DS PUSH D s>SAVE FOR A WHILE ON SACK 
8168 SE | wo EM SRECCVER DE 
ElES sere : | INX B 
— 816 A—-—5 6—_____ ——_____——_MOV —— —B-»M—__—. Se 
Glea: = “22° - 2 ue 2 ae ALIN ma 
~BLEC-”  .4Ee" « .. > S  . MOV | CM *RFECCVER BC 
G1eo. 223. "ee Oe ~INX HH 
a a -MOV. ab ag Moe ses si ran, Models eat 
B1lBF- Fl a. . :, POP PSW *RECCVER Ae PSW 
8190 oat ; POP al yRECCVER HL 
Gisl1- Fe | otek ;ENABLE INTERRUPTS (RST 7) 
Ma a Sw 1 Le a 


CCNSCLE INFUT FOUTINEe TEE DEVICE INOICATED BY 
THE BOTTOM TwO BITS OF I068YT IS CALLED AND EXPECTED 
ie URE VUON AC PARP ACTE RD ~. TEE UC RARAC TER 2 Re TN oN i 


we OF as 


oY 


B1G3 Cis 2 
B1G3 3AC300 LDA IOBYT ;GET I0 ASSIGNMENT 
eae enn We cr gra] a nn . 
8156 E693 ANI 3 ;TEST BOTTOM BITS 
8198  CA2882 JZ CHI ;ZERC 1S SERIAL INPUT 
@1SB 3D DCR A 
EES 2 (Coe cae O10 <= SR Gy ARR C8) GC ROE 6 6) SMM KONO ocak A= 28 DM! C1 21 6 1 SNeaae ea ee enn vO ee RT 
B1SF 2D | DCR ow 
B1AC CzZ40CO © NZ USRIN SNOT TWC IS THREE (PARALLEL) 
; | 
sp a i ne NOt ee OU PINS pn SC SO CT 
3 ON THE B PGRT OF THE PPI.» TRUE DATA IS EXPECTED. 
8 
 BLAZ PARIN: 
eee £15 Cee | <1 | eam MENA ONE, | (RMR ote cs RUMI ey eR | =o) AL-sw0 c0 See ec 
| BIAE  EEC2 ANI  PIRDY ;TEST INPUT READY BIT 
G@1A7 CAAZ3B1 “od PARIN ;LOCF TIL IT IS READY 
S1AA CPOD | TN PINPT ;REAC TKE CFARACTER 
oe <0. cana! cl “hee CE =): ce eee thee ene a OR IE EI OO ET Fee 
_ oe 3 READER INFUTe 8ITS 2 AND 3 OF ICBYT ARE USED TO DIRECT 
; CONTROL TC THE PROPER DEVICE. AN ASCII CHAR IS 
; RETURNED IN THE A REGISTER. 
B1AC RI: 


@1AD 3AC300 | LDA LOBYT ;GET IQ ASSIGNMENT 
@1E0 Le oi. 2 — RARS | ;MOVE TRE BITS IN QUESTION 


GORE CRS RT SN NR AR TEE oS | igen tte nsnt nr cen AT ARENSON CR A A a Ne rr A SO NRA Ns APU te “Nr RS RI Se oe 


oat een baat adbeast eee ea citadaieeaaremea et memeamedinnediameinnaen hteamanaeeemnemeeme: aenminatadnmmmemnestiantimenmimmeite egdinaeanen manne natieanenteaeeatmeeanadmmentennsaemademmeicamtmnaaianheaaiamaraeetammemninteanenaieanmenemmmncammemmmsnenenmatasmmentncnmann dn eemannneemanamannaamestamemnemnemnieammnneraamneaten amememeaeanneatensaamataeennmaimmenmmimamenen as aman tmedenmmemrinns mummencannra tan teinentea ne uancee ns aremadin an raehinaneomanneenmnnameenaman aenamendanearmanmanmnemedeine nena: eetbeamaeemmemecaenne eeneen eam onmmeennandanemenmnammantienmmemnanennenemeemnimeanammmomemamnemeasmsmnencmemnts dhanamsnaemnensnemaamarommmncasemnatiahehtateatimnceeminatehastemmemmthnansoanaimenenamemmneamaniestinceccapnecmesbimenae tes o-neeeseocretters eae pennant oa eee 
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FN + LO a A RN Ali — oe RNa 


KAR — > TC THE BOTTOM TwO BITS 


ea tne eterna ere 


Bit]  * sb: 
Gik| | csecey ~ . JMP IBRCH SERANCH TO FROFER ROUTINE 
eee eee ee eed a oc CIN Sle © Or Oe Ne oS GE es AAR ACT Re WN Np 
| ; THE MGDE IS ASCII» ECHC IT. 
SB1Es 7 . ECrOS 7 : a3 
———-____— 8. }.& & —__C 6£3.81 é CAM C1 °GET—CHAR.-FROM-CONSOLE 
@1BE AF MOV CA s;VCVE IT INTO C FOR OUTPUT 
| B1ES FS PUSH PSW sCUTFUT MIGKFT CESTROY IT 
SIE A. 2ANDOQO “LDA ECHOM ,;SRCLLD WE ECHO? 
poate et crea tae A ads eee al, CN a i ee Bees | Say be 
BlEC 1 A7 + ANA A. ~SET FLAGS » CY=0 
S1iEE cC2cC sel JINZ ECHO] sCCON®*T ECHO ANYTHING 
B81Cl 3SAC4& CG ; LDA * TFLAG sDOOR*T ECHO JF INCIRECT MODE 
aI Sar a SS oy tr ee Sa ai 
G1C4 1 A? + | ANA | A ,;SET FLAGS » CY=0 7 
S1ceE CCCé681 CZ CO. « 7ECHC IT IF NOT INDIRECT 
GICE ECHO1 3 
— 8.1¢.E— —R1________Fop____psw____srecever_the character —— 
@1CS CS RET . 
% 
: wORC CUTPUT RTN 
eT UTS A AS CTI CODED HEX DIGITS —___ 
? 
E1CA wROOT: s;CECCCES AND PRINTS HE X 
B1CA c& .¥ PUSH 8 ‘SAVE BC REGISTERS 
SE, Vc ey ee re) ae es” eee ey -BIT4#.1N—CHL_). 
ELCC CD7B83 | | CALL BTCT 1 sSPIT OUT HIGH BYTE 
BICE TL MOV Aek »eGCET LOw BYTE 
81D0 €07883 CALL ET.OT 1 *SPIT OUT LOW BYTE 
i ra EE TD VE EC BR EG ST 
mY | : SPACE. OUTPUT RTN 
‘ 9 
2b 0 Oe ee Ran eae Toa 0 Gel © cee meat nem eae eee Te ee eee eae ed Re eee Ne ee ee iat eae Ee ee ER ee Ree TT Ee aye ee 


MV I , Cy" 3 


CONSOLE UUTPUT ROUTINE. THE TOBYTE IS EXAMINED 
7G DETERMINE THE PROPER. Tt. HEV ICE. THE. WAL Resi ace Se es, 
THE C REGISTER IS THEN CUTFUT VIA THAT DEVICE. 


wtue I ae ws 


ele Co: | 
Sear afd) Ged A030. | @ EE ane UPaeeEreay ey DY + aeeeceesmene aera (2 OB cota 2 Cicer Mmenn- <i Cy cat Otis Be LEERY © Gis oar Ws EE). coal el Olen tga nea eee SE CRD el Pn eee nO TNT IT ED O™ 
B81CS CBRCHS , | 
SO1CS E€03 ANI 3 s;FRAKCH BASED ON EOTTOM 
| AiICe CA4BB8e2 JZ ~ CHO 3>ZE FC IS SERIAL 10 
ae een <a PE cn Re EL See ENT EPR LT TASS (2 F Ok etm ame - Ae Rie eas ae tn OE Aa oat nein Beane se oe Ae ee Se Aas et 
P1lCF CAC4F 8B JZ  DSPOT SCNE_ ‘1S CRT DISPLAY 
BLlEc 3G DCR A 
GOilE < 


ere ane et. Leh. rane E DNR, Etat TRG NE A Ny | oe 


Ce24300 | YNZ USROT sNOT TwC IS TRREE (PAKALLEL) 


RE -  e 
ER, STR EE SA a OAC ee ASTIN ah Sheehan ten teetente=Strat — 


8080 MACRO 


ee ee eNO RERER BER Oe INT SF eR he eo 


{ 
29 04d we Ot weg BE 


—— re coe OE EE RE A NR SE NAN AEN AR = me AER ta 
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ee COCA NEED >. LLCO my SOA RS A ES AS AS So <b SNNISNEIS ceunceee 


PARALLEL CUTPUT ROUTINE e ALFHA CHARACTERS ARE 

BDUTPUT ANC CONTROL CHARACTERS ARENT. A LINE FEED 1S 

USFD TO CETERNINE-.-THE ENOD..CF-THF LINE. ANC- OR [VES —A————————_—______—____.______—_- 
RUN OUTPUT. THIS INTERFACE IS INTENDED TQ ORIVE 

EASIC LINE PRINTERS. 


ii ei AR OTs a Ose a a a ee a 


a B1E 
 «BLEE DECE IN PSTAT SGET THE PORT STATUS 
@1EE  EEEO ANI PCRCY ;TEST OLTPUT REACY BIT 
 @1EA CAE6B1 | JZ PAROT SLOCP TIL IT IS REALY 7 
ee eee Wy cs NY “ee ROPER NE PMTCT 2,7 PROM SP +1HE CHARACTER 1S INC 
- B1EE. b20C ea ee BOOT FOTPT +CUTFUT THE DATA | 
B1FO.. Cg. _ RET | 
kecene I PUNCK_CUTPUT_RCUTINE»E11$ 4 AND. CE | OR Se) Re a 2s A ee TE 
> DETERMINE THE PUNCH DEVICEe A CHARACTERIS EXPCETED 
; IN TEE C REGISTER 
- - 
ee Ve NO s2a5 -_ , 
81F 1 2A0300 LDA IOBYT 7GET 10 ASSIGNMENT 
B1F4 O7 PLC | ;MOVE BITS 4 AND §& TO 6 AND 7 
B1F5 07 RL C 3S0 THAT THEY CAN BE MOVED 
ste BE Bae CSE OB ht SMG BO THE CONSOLE PCS ITION 
-$ LIST QUTPUT RCUTINE.s GITS 6 AND 7 OF THE IGBYT 
‘3 DETERMINE THE LIST DEVICE. 
B1FS ioe 
B1ES ZAC3CO | LDA IOBYT 3GET THE IO ASSIGNMENT 
G1FC _ Lor: | 
eae -—€1F.C_0.7.________- Dio] 5 Cee —iMOVE_BITS_€6 AND? TO Tee 
: 81FD 07: RLC ;CONSOLE POSITION 
B1FE C320981 IMP OG RCH SERANCH TO PRCPER RCUTINE 
-$ 
See a Oe a SONS OL GTN OU Te WES OR a 
: CONSOLE DEVICE IS INTERCGATED TO DETERMINE IF A 
$3 CHARACTER IS WAITINGe A ZERO IS fETURNED IF NO 
; CHARACTER ANU A -1 IF THERE IS A CHARACTER. 
6201 CSTS: | os | 
8z01 AAC300 LDA IOBYT ;WHAT IS CONSOLE CEVICE? 
@204 E6C3 ANI 3 3URANCH ON CONSCLE ASSIGN | 
SOC a a IN COTS Oe ng 
G2c¢ DBCB IN URTCT 3GET USART INPUT STATUS 
BZOE CSTS1: 
E2CEB EEC2 ANI RXRDY 
eT CaaS <0) 01 CHEURME oe OE pee RT it i ee Re NOC AR ease eee | 
ezOE 3EFF MVID Ay»OFFH 3NON ZERO IS CHAR» USE -1 
8210 CS KET 
QZ11 csTse2: 


scemeanain abememesbemmnamaeemanaenereemoanieaeaamatumme namin nmpaeeame seen emeamceententt hier oneee ae onenaanamaseannan mane nae a Rn RS een! 


S ateemaeheeemementsiinane maeetamnernaitiesenmn ine cbeetaneatameeonetes Tecate aneraaicen enna eanetheaaemmeonn tarandeaneeene aman atae ameteneieeteeeeima ower saenwerene 
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~ BZ11 
Bz12 
ez1s. 


Ss aac aaa Sa hs 


ap: ECR A SONE 1S KEYBOARD 


CAC?FS8 JZ KBSTS 


30 OCR A sTWC TS PARALLEL 


a rn na ar ct a a 


ee 2s 28 


PARALLEL INPUT STATUS FCUTINE | | 
| I - | cls eae S| a 21> ea SY Go dC ee RR Se ee 


2 Ne ieee IS A ee 
8212 C3CB&2 JMP | CcSTS1 ;LSE UART TEST AND SET 
: . 
+ CHARACTER INPUT ROUTINE (SERIAL) « IF TRE MODE IS 
—_ 3 BAUD OT._THE—]_NPUT. CHARACTER IS CONVERTED TO ASCII,  . .. U.... 
> IF TRE CHARACTER INPUT IS A CASE SHIFT CHARACTERs 
; THAT SHIFT IS DONE AND ANCTKER CHARACTER IS WAITED ° 
+ FORe 
ie oe a oe eg ee 
G2ieE CHI1: 
BZ1E Es PUSF H 1cAVE SCME REGISTERS - 
EeclF Bs PUSF "OD 
8220 Clg 2) oi <a: Se CRN, LE 5 ROMER SP ns No MR er i MM tity MR ac NT al <1 35s 1 a cee en eee 
Be222 DECA IN URTDA ;GET THE S BIT CRAP . ' 
Beck SF | MOV EA ,°SAVE IT IN E ‘ 
SeaceE 2AC700 . LDA ECAST 7GET THE CASE TO MAKE IT 6 2 
o 22S 2, Aion cae ee aeRO PME |» Reema Dare <i eRe NPCS vy’ +O) AIS dO) Seam OF A G+ acy came GE © Ee Go = a Oc. [PARNER Net cme nrSE a RUT ee eae nee cece oe Need 
SzZzeA oF MOV EsA 7;CET TOTAL IN DE 
@ze6 . 16C0 MVIO | D0 | 7 
82cC 1S . DAD D s;CALCULATE THE TABLE ADDRESS ie 
ew SO Et a MOV oo Ae Me GET. THe ASCII CEAR: 
GZEF 01 | POP D *RECCVER SCME REGISTERS 
2236 El POP H 
1 + TEST SNEGATIVE INCICATES THAT IT 
Bé21—1—A-7 #—_______AN A________A____5 SET. FUAGSQ26 CY =O... seats Be 
| B222. FO , RP | ;CASE CHAR» IF NCCT, RETURN 
a 8232 °&4EEZO ANI 20H sALLCW CNLY O OR 20H AS CASE 
Bess ., 322c07CO —*. | UGTA uCASI >FUT CASE AWAY FGR LATER 
Se St cet a ae et Su a eee 
EZZE DeBCB or IN . URTCT *GET USART STATUS 
G27h.: EEC2 ANI RXRDY 31S THERE A CHARACTER? 
BesG: CAIB&2? JZ CHI ~NOse LOOP UNTIL TRFERE [5S 
eee ——DBGR IN RTC | CET. THE. STATUS AGAIN (MODE) 
8241 EEE80O | ANI DSR swHAT IS THE MOGE? m 
8243 CALE 82 2 ee ’ CHI s;ZERC IS SAUDOT, CONVERT 
B24E DBECA IN URTDA >NOT BAUDOTs SIMPLY INPUT : 
SP TCE MOTE! we C/o! 3) oN call co A SE REC See CE |. L: MELO ROMER 2) cil 5, CREAR S Oo 8 (es GEER) yO cceieeey OO) GRRTERY ORME: Co fe! RG STIRS cast) GN Gos al GRR ee mee ee ae Pe eS 
BZ4A cS RET 
9 
; SERIAL CHARACTER OUTPLT ROUTINEs TRE NCDE [IS 
diese eae St Bs = ene 3—CHECKED. AND _ IE IT IS EALOGTs THE. CHARACTER IN THE... 
> C REGISTER [S CONVERTED TC GBAUCOT FPFICR TG SENDING. 
>; OTHEKWISE,IT IS SIMPLY CUTPUT TO THE USART. IF 
; A 


LL OS IP LION EOS te AEA EN | ENS ON FOS A TO EOE A INT aN 


CASE CHANGE IS INDICATED, THE CASE CrARACTER IS 


AR ney ene an eer eS A NE RE NR ne 


FT on iaiatllea a cepencaaimmaemalenll Saeed mera ebataiacinete ct acinnerer cain acai inea eee cmneama cane name neicions enmernteeiammemetarioetatanaaiena oc tmenine ac aeimaesamtamae vaamadneenamnetniaerenadeatennananenenmmermmntnaeameannmneneammts mammmeanenantenanemmmimenammentinaemmeame a aaneacannameaanenenameencadnamcamestenemenanamimeummmemenemmmentnaneneneenaietamamed eR EE ET A A A AE A EC EAE Ae REE ANE RRR dh A 
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TRANSMITTED PRIGR TO THE ACTUAL CHARACTER (8AUDOT 
MCDE ONLY). 


a ee ER aR = A 5 = gaa ee Pa a ees renee 
EZ4E Cecs& , IN URTCT ;CETERMINE MOCE FIRST 
Bz24C EECEC : ANI DSR ,O=EAUDCT 
S824F  CAED@2 _ JZ CHee2 7EALCOT MOCE, GO COGNVERT IT 
a a ae iii eal Saal ae 
EzE2 DBCB IN URTCT >TEST FGR READY AND OUTPUT 
8254 EEC] , , ANI — TXRVOY sTHE CHARACTER IN THE C REG 
Ez<£&6  CAE2ZE2 JZ CHO] 
NE a a i 
 GZEA C2CA ; = OUT URTDA. | | | 
 &ZEC cs _ RET 
ee OE  CHC25 
er ee Le ee ey ree eon -REGISTERS—___ 
| Be2ce us | PUSK D 
Saar 2ACEES Lx! H»sCOTAB ;SEARCH THE TABLE FGR A MATCH 
—B262 1640 MV I C +64 > THE TABLE IS 64 CHARS LONG 
— OG Ait Gat MO RC COME AR fe SD ie Ne Ne 
a2cs | CHO3: 
E2eo . £6... _ ? CMP M »,CGES TFKIS CNE MATCH? 
oa oe oe CA7082 £ CHC4 >YESe EXIT LOOP 
Ee€S.__22____________________INx______H#________.+ FUN P_ACORE SS____.______ eae 
EZEA is | CCR C sCE CREASE COUNT 
B<eEE “Ceo? JNZ CHO3 *>CONTINGC TC LCOF TILL ZERO 
EcEE 1640 MV I Cs64 71IF NO MATCHe PRETEND GLANK 
E<tC 3E490 ie MVI A»64 ;ACTLAL | VALUE 1 IS €4-COUNT 
Bele 92 7 SUE | D +CALCULATE ACTUAL VALUE 
Gets 57 | MOV DesA »>SAVE A CUPY IN C FOR LATER 


Sa ae Oe BONS STAND Sea CASE Ie. APFERCP 


b277:. £620 AN I 20H ;€TH BIT 1S CASE (O=LETTERS) | 
8276S BE | CMP M ;CCOMFARE TO PREVIOUS CASE 
EZ7A CAEGE&2 | JZ. CHO6 sMATCHs NG NEED TC SENU CASE 
st OD a ee NON Ss GN ROA Ch SE CASE on Cu 
G27E ELF MVI CeLTRS  3;SENC CASE (O=LETTERS) 
ft _ oo a. TEST | >CASE 0 OR ZOH? 
gzeo 1 Az OANA A  3SET FLAGS 5 CY=9 oe 
_____eZel.caesa2 ces TIERS. IN oc 
82846" “OEE: > MV I -C»sFIGS  3NOT LETTERS» SENC FIGURES | | 
E2e6 | CHOS: 
EZEE — cos262 CALL CHCl +>SEND THE CASE SFIFT CHAR 
Spe rN ce SUSIE, © 17-0, SOO RNDE Re Rei, ©} fc ieee a eR ee a See A 
@zeS 4A | MOV C+D sRECCVER TRE ORIGINAL CHAR 
~82e@A D1 POP D sRECCVER SOME REGISTERS 
B2E€E El | — POP H 
Sa a a a ca ac 
: 
+ IQ CHECK ROUTINE» THE VALUE CF THE IOCBYT IS 
+ RETURNED IN THE A REGISTER 


scseeatenaeaneieeneemmentemmemmmteanal tamiensinetnriemdiiatantnadetiatembat inane manana ae eters amet aan aetna mere imeem ememntmamnemeetanaans enermetemmnnen emma enaer none anemmaenmamen an eammnae amen ncecneaasaemenamareseenn ona aanainmemne 7am nazatameceuraancns astm za ae raze naan one oneeet reuene oa oemn  n n nee nn ne eT En ae ed 


dQ3ac 


Se nasetaaliiictoenansmtnorandl 


en ceneernineteanien 


VACROQ ASSEMBLER» 
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azar | OCKK:. 
EZaF ~3aC300 LDA ICOBYT. 
soem 8zZS 2. Cee eo eee eR —_————_—— ——--- —_— . 
, . 
; I10 SET ROUTINEe THE VALUE CF THE C REGISTER IS 
, > SUBSTITUTED FOR THE VALUE CF THE IOBYTe 
or Sa ea a oe i ete et he 
Ge92 | | ICSETs: 
E292 7S MOV Asc SSET NEW ILOBYT 
BAGG 32C300 STA LOBYT 
nnn BAG FES RE. a 
, 
> MEMORY CHECK ROUTINE.s TWwC RAM LOCATIONS AKE USED 
* TO STORE THE TOP OF RAMe THEY ARE RETURNED IN 
$ A ANC tie LEAST SIGNIFICANT IN Ae. | =. Seite, Soioa es eee ana Ste eee 
9 
Ecseé MEMCK:. . . | 
GaQVeE 3ACE&CA LDA VSZ2 >NCST SIGNIFICANT BYTE HERE 
iS eG Baten Je Eeseiesna, | Ol 5 | Sevemecerenanee mins one or 2 Sa NN a 
E<esc 2ACSCO LDA VS 21 sLEAST SIGNIFICANT GYTE HERE 
BcSF . CS RET 
% 
7 -PUNCH BYTE QUTPUT ROUTINE. THE coNlsole pyte oupur 
> ROUTINE IS USED EXCEPT THAT THE :OBYT IS FIRST 
> ROTATED SUCK TRAT THE CCNSCLE ASSIGNMENT AND PUNCH 
+ ASSIGNMENT ARE INTOCRCRANGELC « WHEN FINISHED», THEY 
sa algae Ee Se 3—-AKE. ~-AGATN__INTERChANGEL SO THAT ALL_1LS_ UK eae 
b | 
~—BeZAC BYTOPS 
82A0 CDA682 CALL PUCO 7 INTERCHANGE PUNCH ANO CONSOLE 
————~--_—_-8 gAG—___ C072 63 — eee mene Ch 0 aon BO We 6 
’ ROUTINE. TC INTERCHANGE CONSOLE ANC PUNCK ASSIGNe 
: | 
near ete: 7 eee eee Voto Saas 
BcAE rs PUSH. PSW > SAVE. SCME. REGISTERS 
Bch? ES ‘PUSE H 
—B EAE 210300 LX] H»TlOBYT +FCINY HL AT TORBYTE 
sec RO TNE aa a ie ION et eM PST CAIN Ga PN st a 
BZAC OF RRC 
B2AT CF KRC © 
EZAE OF RRC 
SEA =2..0F EPSON |) 2 Cee aeet ete ee eee eee ee eee ee a See Veo eres 
EZEC 7? MOV MsA »>FUT IT BACK 
B8<ebl El PO? H sRECCVER SOME REGISTERS 
, Behe Fil POP | PSW 
a en ee FG COG 5 24 2s Ohare ae 


> Aaa n AONBOEN SACO SULAEIE LU ANAT ORCS AAR AE ARERR gt oA ORE treat a 


bt oe we | 


ee ee ee et ee ae eC I AE 


WORO PUNCH OUTPUT ROUTINE.s PUNCH ANC CONSOLE 
ASSIGNMENTS ARE INTERCHANGED TG USE CONSOLE 


se eee tee ~ etre cen. 


ee | eee ae rate net a eee 


Lament ania ated 
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elenemlna enema leneeeammain een tearm reneer enema mmeteamaeienteenemmmim naman enmemneenmemm er nmncemenenrtemennen nom eeneanaene nornenmnc nen umn ane neem ramen eee 


+ ROUTINES. 


aZe4 WRDOP: 
pee OG Ale ON Ge Dine ee eG A PU CO. 
6287 ° CCCAB1 CALL WRDOT 


ScEA C2A6E2 JMP PUCO 


‘etch ncttinharernne sina emp tell | ea aera irmerdnrnendernghe a eritlinniannerisemnEy yn ene eR 


_-PUNCK_MES SSAGE—TYPER.».—_AGAI.K»CONSCLE ANC PUNCH — 
ASSIGNMENTS ARE INTERCHANGED TO USE CONSOLE 
ROUTINES. 


@e wt wt ds O2 


eee) ee ene: 1-11 - e 

@2ER CCA6B82 — CALL PUCO 
6200 ~~ CLSAB3 es CALL TYPMG 
82C32 C2A6E2 : MP _ PUCO 


—— Ne ee te me a ae RF ne ee re me ee Ee eo 


an ne ee a CO eet 


REACCR BYTE INPUT ROUTINE + THE READER ASSIGNMENT 
IT ROTATED INTO THE CCNSOLE PCSITICN SOQ THAT THE 
| CONSCLE RCUTINES CAN BE USED.» THE ASSIGNMENTS ARE | 
an 5 RESTORED. WEREN_ODONE o-SINCE AN EX IJ_-CAN_BE_ DONE _ FROM 
TRE EIT RCUTINE»s A FLAG IS SET TO INCICATE THAT THE 
SWITCH HAS BEEN MADE. TF AN EXIT IS TAKEN THE 
PROPER ASSIGNMENT WILL CE RESOCTRED» 


5 a 


- 


owt wesw 


a 


1 
i we 8 oe 


AZce 


YTIR: . 
Bece CCE462 . CALL © RORCO ;YOVE READER CEVICE TO CONSOLE 
S82CS CC4E83 CALL BYTIN >USE CONSGLE BYTE IWPUT 
> RCUTINE TG RECOVER THE CLE CECRSCLE ASSTGNMENT ANDO 
> CLO READER ASSIGNMENT AFTER USING CONSCLE ROUTINES e 
: | 
Becc RE Mae rede” (Gl > Jes ha-mm ne eee LS OEE Se ee ee ee ee EAE 
BEecCc FS PUSH PSW 7>SAVE SCME REGISTERS 
@zcc ES PUSF H 
BeCE 21C€300 ~LXYI He LOBYT sFCIANT HL AT IOBYTE 
8 0 MO VAM ROTATE _LOBYT. 
@ceCe2 07 RLC 
B2C03 07 —RLC . 
B2C4 77 MOV MoA >RETURN [ORBYTE | 
= 8 20 $2 CN NAT DG 
| — B20E 36CO : UMN -— MeO sRESET IT TO ZERO 
. &ECS Ej | POP H | SRECCVER SOME REGISTERS 
—~8eC0S ee POP FSw | 
Ba as Nin cn ne re a oa ho ce eS a ee popes 
, is 
+ READEP WORD INPUT ROUTINE e AGAINs THE CONSOLE 
> ROUTINE IS UTILIZED BY MOVING THE IOBYTEs 
ae eee eet oe i _ | = | | ao Sce ss yet 
— €<e€CB WROIR: 7 . . | 
S82CE  CCE4&82 CALL RORCO | 


 @2@C0E CcOzZ683 © - 8 CALL WRDIN 


en ai ae A At etter. MAO EIT SOLIS SOMONE “ACAI to aonselasaeeeanenenatanaaseamienaacbiabeammamatmeneneteamniied 


sao aeneneen eeduneeinimmatiniaimanmnenadionntd 


oe oe 
Gal c.g Ca dt (gd Gd (at 


Seer rae eamcceneemateuenntbas uae naam ua camera 
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oceania erngneindinem taser diners enters eemereeenee sete ceneeneroreeuneres anaantonems Tapessenenaet roneees eet eng EN nn ne nn en nn ee ecrassenammamempennenetaneesnemeialamedmesmenetnatentenne mma cnomaeaamemmtmmememnceaaeasnataa anercancareemmecn aren ceanar nas ena ant etree Ta 


@ZE1 C2CC&2 | JMP KCVR1 
? ¢ 
3 READER TO CONSOLE ASSIGNMENT SWITCHER. 
eet ane us Sra Pa Aa ACEI SiN SI RN Maa 
B2E4 RCRCO: 
@ZE4 ES PUSH H >SAVE HL 
| BZiES °° 210300 LXI He» IQBYT $FCINT HL AT IGBYTE 
oe 82Ea—__7E MOV» MS SHIET TOE eres 
@zZES OF REC 3 
BZEA CF | | RRC 
@2EE 77 z MOV My A SRESTORE IT 
eee eRe: | 2 meen ee ee Oe oe Reem CNET ENS f°) > ese ae a tc: ye AMR Oot WER ea ee cee eee RE Rar 
EZED 3€FF MV I Me-l ;SET FLAG TO -1 
B2EF. El - pop H ;RECCVER HL 
8ZFO es | RET | 
: ee a ee eee 
3 ECHC INPUT AND TEST 
9 
GZF 1 EIT: 
OS SR of 5-1 tee EO | El SRNR oY oO) AMMAN CYS OMRON TERT ACRE St ck <n See eee nen ne Cae at 
Zr 4 FEZO CPI eo | 
SZFE CAF1 82 | SZ EIT SIGNCRE ELANKS 
SZES FE2C CPI ‘yt 3CONMA IS A DELIMITER 
Bl ih ae tt I I a a tt 
BZFC Ce RZ SRETUPN WITH CY SET FOR DELIM 
BEZEL FECD a CPI CR 7CR IS A DELIMITER 
@zFF 37 STC 
aS «he, 59 0 OEE sh - eae © i 2 -RET WITh CY SET FOR DELIM_ 
8201 FE47 “Cpr en ;STCF IF LARGER THAN F 
8202 aF CMC ; INVERT CARRY BIT 
8204 DC RNC ;NO CARRY IS OK CFARACTER 
seaeeee! a aaa GC 
1 TEST 
8308 1 A? ae ANA — A 3SET FLAGS » CY=0 
@205 CA7380 Ae oe MAIN | | | : 
OSC Cee COCCE Be cy, Em 1 Vo SE nem ears ee i eR PA ee Semen UE onc See ae a 


B=CF = Caz7Se0 JMP MAIN 
>; NIBBLE ROUTINE» CONVERY ASCII TO FEX 


12 NIBBL: | 
12 D641 SUI tal *COMFARING FOR >=10 

14 F21982 JP GTA 

5 Ey a ct < oky A SEES 2, ea AOR MMEROR 0) C9 Fe 1 OCs GAN al) URE CE RM) ct 11a lS ec SOR ey - eee eae 
1g GTA: 

1S CECA ADI 10 ;MAKE IT BINARY 

LE CS | RET | : STHATS ALL FCR PERFECT INPUT 


> EXPRESSICN (PAPAMETER LIST) GRABBER 


ee 


aallllinneetieaniinaih 


. 
+ eh AS ee ETERER eee 


Co2683 


CU1lA2ES 


De eentahaaneeaanencanitiienmeanaamnaamrmenaemeanemtemamel 
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BZ1C CALL WRDIN SREAD 16 BIT GROUP INTO HL 
BZ1F E2 XTHL ;EUBBLE PC COWN ON STACK 
822C ES: PLUSF I} ;STACK IS PARM LIST 
AMR Dy «|, Mee 0 < een baile te te aaa EC Lk State ON eid sa IN I 
ai2e2 c21C83 NZ EXPR ;GUIT WHEN 8B EMPTY 
B22°e RET | 
: 
3 WROIN — REAO IN 16 BIT AUCRESS 
9 
BIzE WRDIN: 
83 26€-—210000___________Lx I ____#¥4.0____; CLEAR _EUFFER. Soe ea ONL Se aE ee ee eee ae en eee Pa ee 
6226 CS | PUSK 8B SAVE PARM COUNT 
BZA QeC4  MVI  Bs4 Get. 4 HEX CIGITS IN ASCII 
Brac WRDL: a | | 
aan Bee C Oa a 7 CC A Wie 5 ee 
B22F D 23863 JNC WRD2 *CARRY SET IMPLIES DELIMITER 
&ise2 78 MOV . A+B STEST FOR NEW WORD 
8=23 FEC4 CPI 4 3G=4 MEANS JUST STARTED 
pee ee Re oa eens GUAR A REESE "Uh 1 9) MeeMRnE NS Os Lure] MPO Ue OM cl cll eFC 0 «| c teem Re ne a 
az2e C248e83 JMP EXIT SVALID CELIMITER IF NUT 1ST 
 B22B WRD2: | | 
BZZE. ¢C1283 CALL  NIBBL 3EAT SOME CHARS 
Se eS a fe sie eee 
@iiF 2¢ DAD fo SEL #2 
—ES4C 2S DAD H HL *2 
B241 2S SAD be SLGNC LEFT SHIFT 4 KIDDIES 
ms PRONE sc) 9 ee ee eT ee hy, ae ks. [BRING IN NEW 4 BITS. 
8243 éF MOV  ‘LoA shL NGW HAS GOOD CATA 
e244 Os CCR B SRECUCE CHAR CCUNT 
Gi4s C22Cea3 JNZ WRD1 3292910 AND OUT 
BzGE aes, 
EZ4E 7A MOV A»sD SLPOATE CHECKSUM 
B34S as ADD — L ZCRDER IMMATERTAL 
- 624A a4 ADD H- 5CHK SUM IN A CGRRECT 
——B246— 57. OA CHECKSUM UPDATE COMPLETE 
B24C C1 POP by  «SRESTGRE 
8240 CS RET _—- 
: | . 
ae = eee een AMNTS SONI 2's 0) JURE AE =. bs ORs ee _— 
. 4 
S24E BYTIN: | 
B34E C5 PUSK 8B SSAVE IT 
" B24F_. O6C00__ MV.J_ Bs O sINIT BINARY VALUE BUFFER 
G25) CDF1e@2 CALL EIT ;REAC NEW OIGIT 
8384 DAEC8Z JC EXITB ;LEAVE IF DELIMITER»A=B8=0 
G257 ch1i263 CALL NIBBL 3GET GINARY VALUE IN A 
aes BG Re A ae TAM ose A SAVE. LNA Vis VA UN a 
835E CCF182 CALL EIT TREAC 2ND (LOW) DIGIT, IF ANY a 
B2EE DAECE3 JC % EXITB ;CUIT IF DELIMITER» A=GU=DIGIT 
8361 CALL NIGBL sCONVERT 2ND DIGIT TO BINARY 


in 
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AGE rene ta SN lA eh ERY 


ESE4 4F |. 6 MOV CsA *SAVE CHAR 
GSES 7A. a — MOV A»sB 7>GET FIRST CHAR 
, See O07 . FLC | sNOVE TC TOF CHAR 
eat 
Sot&’*: OF RLC 
ES2ES “2° C7: RLC) : 
EZEA . B1.- 7 — CRA Cc ;OR IN FIRST CHAR 
—— £-3 €-£-—__—__4-7— MG VB A-_______; SAVE-IN—B 
G46EC -:. .°. EXITB: 
B2EC 7a. MOV AeB 7IN CASE A’ FOLES DELIM CHAR 
B2éEé0  &@2° | ADD D *>ADC CHECKSUM 
8.2 € 5. 2_________mGv_____D , A_s FETL RN. UP CATED —CKSUM 
BZEF VEO MOV As& sRESTORE $A FROM $8 
E270 Cl POP 8 | sRESTORE B 
6271 CS RET 7 
, eiees Ee ea ae ee RA eRe SPIE, STN (EOS BY Yo eens Sad OBC ah" <8 2 See Rea POD RPE ee eS eee ne nN a ann rn 
; BYTE CUTFEUT FTN 
; CUTPUTS 2 HEX ASCII CCDOED DIGITS 
Sp Se i asta las sag TERMINATE SR NT se ee ee 
8 
E272 | EYTOT: . | 
B272Z cs | FUSH P ;CALLS USE $3 
TS Ge OT eA oe ee ee EO Cee ee 
Bz276 CO0461 CALL SP ACO sFRINT A SPACE TRAILER 
E27S C1 POP Bs ;RESTCRE | 
B37A ‘ons RET 4 


on 


> BASIC RYTE OUTPUT DECCDER RTN 
- EERFORMS SUMCHECK ADOITIGN ON OUTPUT 
3 KIGh CROER DIGIT OUTPUT FIRST | 


: 9 
E278 | S ETOTI:. ~ rh ss - 
| @Z7E- 47 MOV —s«wBaA sSAVE SYTE IN B 
See iG EB et Eee ree RI: | | ACR! i | FES 9 ees) lB Og me Gl Ske |, SOR ae ree lee eR nO ey UR re ey ee ae nS ne Tee eee 
&€Z270. §? MOV) DeA SAVE NEw SUM 
GAVE 7e MOV AsB SRETRIEVE BYTE 
€A37F O07 RLC >SWAP HEX DIGITS 
Dee RETR MOET ove) 51.3 @NMAUMIE! © D5 SIENA mete REMORSE eS ENE ETI 71) UN GPORaS See eee ete OS Soe Oe RP RN FOTN = 
8281 07 RLC 
82&2 O07 | ~ REC 
8282 cCd&783 . ee CA HX OUT SFRIMED W/HIGH DIGIT 
ie ecestnddscteainccaeiee ke a a aaa 
FALL THRU TG HXCUT 
' 9 
3 HEX OUTPLT RTN 
sekeeee ta FPR CON SS BSW ea = RU iy (pee Gece NB Fd Bo NUR co CO BE La GIR Gy RNR nee Ie ce de eS EE a 
: FRCM LOW 4 BITS OF A REGISTER 
t 
8287 


HXCUT: »>C-GeA-F NOT CONT IG~ 


2 ee ee ae eee 


een Din Re A epee pn 


Non a RNIN em aR RANNNEIRNI ORIEN oT Campnimetit 
alah acne a ONL hnRNA rar inet wpe ome 
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Se eacamernetmenemarantiumeecrarses aeeeeeammensacmnameetieetae ee ema rere er ed 


sVOUS CUDESs. 2 CASES 


€2ea7 EECF ANI CFH SSTRIP HIGH DIGIT 
@z2aS DECA SUI OAH 7>9 TEST 
ene <oecd 2h: Se ae oY - f, seta Ee asses YO a ae 
BZEE CE€2A a AD! 1g 4+] ;ACD ASCII G +1 FOR 
: ASCII CHAR COCE OF # 
@250 4F MOV CyA SERINE ARGUMENT FCR CALL 
Baier Be Ga 0 DG 6G Veen eit CUT NO Re 
a3G4 HXO1: SLETTER CASE 
B=G 4 C641 ADI oat ;ADD ASCII 'A* FCR | 
sASCIT COCE OF DIGIT | 
pe AG Cao a ~MOV——__CA______. FRI ME ARGUMENT. FOR CALL 
B=S7 C32C681 | JMP ‘eta *CUTFUT AND RET | | | 


>NO ERRCR ON INPUT 
sFOSSTRLEs SO NO CHKS 


ee ee ee a ST eS ER NNT oe, 


TYPE MESSAGE RCUTINE 
(HL) FOINTS TO MESSAGE ADCRESS 
MESSAGE TERMINATED BY NEGATIVE BYTE 


ry 
% 
e 
5 
rs 
9 

: s 

en NA CC NO A A IT LTT EE tert F 


eee 


E=SA TYPMG: 
B=GSA ES PUSH H sFRIAKT PREFACE MSSG 
R=IGE 21ADES3 LX I H»sCRMG sPOTNRT TO PREFACE 
SESE UU CbApEC—“—SCSCS LL RAL Eg we, 
BIA Ed POP H sFOINT TC t£T MSSCG AGN 
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8, CircurtT Boarp LAYouT AND SCHEMATIC DIAGRAMS 


The following pages contain complete diagrams of the HAL Communications 
Corp. Model MCEM-8080 Microcomputer System. These diagrams reflect the 
current circuit connections as of the printing date of this manual. 

HAL Communications reserves the right to make changes in the circuitry 
without incurring any obligation to make such changes in previously sold 
units. The diagrams may not be duplicated in any form without the express 
permission of HAL Communications Corp. | 
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MCEM-8080 
Addendum No. 2 
June, 1976 


Use of the UPB cable connections: 


The MCEM-8080 is furnished with a two foot length of 40 conductor 
ribbon cable with a connector on one end that mates to the UPB (Universal 
Processor Bus) connector of the MCEM. The cable connections are explained 
in Table 2.6 on page 2-12 of the MCEM manual (the red stripe on the cable 
corresponds to pin 1). When plugging the cable into the MCEM, be sure 
to align it correctly as indicated by the small arrows embossed on the 
plastic connectors. If your cable connector has NOT been polarized, it 
should be by putting a small piece of bare wire into the cable connector 
pin 32 location. This should correspond to the missing pin of the MCEM 
UPB connector. 


Connection to the cable can be made by simply separating the conductors 
of the ribbon cable, stripping and tinning each one required, and then 
connecting the wires as required. The cable SHOULD NOT BE EXTENDED BEYOND 
THE TWO FOOT LENGTH FURNISHED. Alternately, the same 3M connector can be 
attached to the ribbon cable. The cable connector is a 3M part no. 
3417-0000, which can be obtained from a 3M distributor or from HAL 
Communications Corp. for $6.00. The mating circuit board connector is 
a 3M no. 3432-1002 connector at $4.00 each from HAL. The cable connector 
is designed so that it clamps directly over the cable and several can 
therefore be attached to the same cable. The following procedure should 
be used to attach the 3M connector to the cable. 


Installation of additional connectors to the UPB cable: 
The 40 conductor cable polarity is distiquished in two ways: 


1. The RED stripe side corresponds to pin | of the UPB connector 


2. The ribbing of the cable is heavier on one side than the other, 
This can best be determined by looking at the END of the cable, 
although dragging of your finger-nail across the two sides will 
also indicate which is roughest and therefore has the heavier 
ribbing. | 


Refer to the attached Figure 2 for the following instructions. 


The 40 pin connector (3M No. 3417-0000) is a two-piece assembly, the 
larger section with the connector pins and a smaller clamp strip. The 
clamp strip has a protective paper covering over an adhesive. In assembly, 
the protective strip is removed to expose the adhesive and the cable is 
"'sandwiched!! between the forks of the connector pins and the clamp strip. 
Attach the connector to the cable using the following procedure: 


Locate and mark the desired connector location on the 40 
conductor cable. Note that several connectors can be placed 
on the same cable since the connectors simply clamp around 
the cable, allowing it to pass through. Therefore, if 
several connectors are intended, do not cut the cable unti] 
the end-most connector has been installed. 


Carefully remove the protective paper BUT NOT the adhesive 
from the clamp piece. 


Put the adhesive surface of the clamp piece on the the heavily 
ribbed side of the ribbon cable, taking care to remove only 
the paper and not the adhesive with it. 


Locate the embossed arrow on the connector pin section. This 
indicates the location of pin | of the connector. 


Place the pin section of the connector on the oppositie side 
of the cable from the clamp assembly, aligning the arrow with 
the red stripe on the cable. 


Align the guide pins of the clamp piece into the mating holes 

of the pin section and press the two pieces together with your 
fingers until the forks of the connector pins start to ''bite!! 

into the cable. 


RECHECK THE CABLE AND CONNECTOR ALIGNMENT TO BE SURE THAT: 
a. The red stripe of the cable is adjacent to the arrow 
b. The heavily ribbed side of the cable is against the clamp. 
c. The connector is perpendicular to the cable. 


After checking, the two sections can be completely pressed together 
in a bench vice. Use only enough pressure to close the gaps 
between the cable - too much pressure wil] break the connector. 

If the vise has rough surfaced jaws, you may wish to prevent 
scratching of the connector by using cardboard protective shims. 


If additional connectors are required, they can be attached at 
any cable locatton using the above procedure. If it is desired 
to end the cable after the connector, use a VERY SHARP knife or 
razor-blade and cut the cable off flush with the outside edge of 
the connector. Be careful to cut on the ''scrap'' end of the 
connector and not on the processor end! After cutting, inspect 
the cut edge to be sure that adjacent wires have not been shorted 
together in the process of cutting. 


The completed connector should now be keyed by inserting a short 
piece of No. 22 bare wire into connector pin no. 32 position. 
Notice that the numbers are marked on the face of the connector - 
odd numbers down the arrow side (starting at the arrow) and even 


numbers on the other side. 


pin | locating arrow 


_s Pin section of connector 
protective paper 


«= clamp strip 


a. 3M 3417-0000 Cable Connector 


a aa oe 
4Q conductor 


i 'lsmooth!'' side of cable 
cable eae a ie 


Red stripe (pin 1) 


heavily ribbed side of cable 


~e_ clamp strip 


b. Assembly of connector 


<=pin section 
<cable 


—clamp strip 


c. Assembled connector 


To processo 'Scrap-end'!' of cable 


Cut along this line with razor blade 


d. Cutting-off excess cable 


Figure 2. Preparation of UPB Cable Connector 


